Q-iuqiuiJiiu]iiuqnp&nLpjnLQ 
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fkiphpui IjiuqiupjiuQ 
4,iujli TjiuqiupjiuG 
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ahlpnhiSphp - 201 2p. 
Upp-^iuQ 



4uijquiquiQ -iuipiuphpuilpuGmpjuiQ <iuinmAj ShunipjniQ 



\jiu]niupiuG 



bpb rpiip [u/iuin gwGl]mpjmG mGbp iSbqwqpbpii pGj np iSbbpG, 

uiupu iSp Ubqwqpbp dbq, wji iSbqwqpwGp Ipupqiughp tfwphiSimnfilpiijfiG: 

UbGp Gpm pjnuGwljGbpG bGp iSJiwjG: 

«Upiujuup Injhpp <iupiuphpuilpiiG CiupchSiuG ShunipjmG - Uqiuin Cuipdrmi» hnrppufrp hiuGqfiuiuGnuS t iShp hfnSGiupiup 
«<uijlputpiiG ShunipjmG» uyp-iuiuinipjuiG iSpuijQ iShli hQpuipiudpGp: Uju bGpiupuidpGp umuiGdGuigGhpnl hfuSGiulpuG 
ui2tuuiinnLpjiuGpg h ilhniutuiipuiqptqni[ npujhu luniuOdfiG pQpQmpmjG hnrpjuj&, iShGp GilppmiS hGp ujjQ iShp Cni2pp 
uiquiuiuiqpu'iuG 20 imSjiuqpQ: 

Uju hnrplui&rmS, npiqhu Qnp hhquiipnpjuilpiiG linuihgnuS, lihGp GhplpujuigGnui hGp lipiu^uup ^ppqpqiulpuG iniupiucnupjiuG 
tihg hiupiuphpuilpxiG 2uqidiiuiG dhuupnpjnipjuiG hiuihiiuiupnuiGhpp ujpiniudiJuiG ^uijbuiquiG uiuipphpuiljp: <uijl}iuquiQ 
hiupiuphpuilpuGmpjuiG hiuinmlj inhumpjiuG IpumugiSiuG hiuiiuip lihGp qhlpuipjjpiltq hGp lipiujG luiShGuipGqhiuGmp 
inpunhupiuGuilpxiG u'lniudnqnipjiuiSp h iSiuphiiuiuiplpulpuQ hiuulpiignqnLpjnLGGhpnu\ uiniuGg uiuhiiuiQiuiJiiulpSiuG: 

Uju hnrplui&rmS iShGp ipnpdtq hGp huniuipjiSptq U mqqnpqtq pnpip uijG qpuiQuilpiiQQhpp juiGphpp U puiluiqnijG 
uipqjniQpQhpp, npnGp linui huipjnip uiuipfi, uiuipphp fiuiGuiupupliGhpnil, ihnpdtq hG pnpuiihtq lihq iquipuiuiqpihii& ljhq& 
qhuiuitpuG ui2p-iuiphuihuijuigpp:[l], [2], [3], [4], [6] 

Up Ipiiphnp huiGquiiiuiGp luT ^uijlpiilpiiG ShunipjuiG uipuihhuinil 2uipd4hpii huiiSuip uiGhpuidh2Ui t np iShGp ipnilpG 
pnpuiihhGp lihp qtiuiuilpgnipjniGp pihqnq quu}ui2uiu[pqp U niGhGuiGp puipnjiuquiiiujjpG hhuihjuq hphp huiuilpiipjniGGhpp: 
UhGp iquipuiuiipip hGp piQtq Upp, iquipuiuiipip hGp ipGtq UqGpil h ilhnguuqhu uiGhpuidh2Ui t np iShGp ipGhGp UGlphqfr: 

Uju hnqihiitmiiS iShGp uijGpuiG huiGquiiiuiGnphG bGp 2 UJ P ujn jitq 4uijquibuiQ liuipuiphpuilpiiGnipjuiG huiuimlj inhumpjiuG 
Qnp quiquiihuipQhpp h iSuiGpuiiSuiuQ uipuiuifrtq pnpip puiGuidhhpp, np uijG uiip\h 2iuui quiuiuqppp t puiG ph qpuiuilpiiG 
hnn.qiu&: UhGp guiGlpugtq hGp uinuiilhruiqnijGu qjmpuigGtq puiGuidhhpp uipuiuifrnuip, npiqhuqh pGphpgnqp pp 
ni2UiqpnipjmGp un[QlJi 2uiui phhnh hpiiGuiqiuG quiquiihuipGhpfi U Qnp unuihgnuiGhpp ijjiui: 

Ujuuihq qmp qhuiGqpujQp quipiSuiGuihpuy Qnp quiqunfiuipGhpJi U huiuilpmqhu uijGujJiuti puiGuidUhpp, np U.2tuiuphp £p 
inhuh|^: bpuiGp' dhp uj^pUppG np rpup uiniugfiGG hp piSpn2tuGtipii- uijq qhGuipuip piijup: Oquiiuqnp&hp 9hp hpUiuquijnLpjniGp, 
npiqhuqp ujuiuil}tipuigGbp ph {i^Gj Qnp quiqunpuipGupp U qhqhgpq puiGuidlihpp nmp IjhuiGqJiujhp, hpp iSUGp hpuiu}uipuil}bGp 
i5hp «t;nuijujip Q-njhpp <uijliujquiG 4uipuiphpuiliujGnipjuiG 4,uiinmli ShunipjmG» hnqi[ui&p: 

LThp hnpqnpG t pGphpgnqGhp{iG, npujhuqji qmp ^qpqGhp Guipjnpq 5>Jiq|iqnuGhpp upjuqp U ^ijinpdhp hiuiqiSQU} l}uinnigh^ 
luphhuuiuaquiG puiGuidUhp hnui^unji iniupiudmpjiuG huuiuip, oquiuiqnp&hpiil lifiuijunp uiuipui&nipjuiG hiuiSiup iShp uipuiui&uid 
puiGuidUhpp: SpuuiuipuiGmpjujG opuGpp uijqujtiu jp ui2pjuiuiniii: lluipquiujhu uuSpnqjmpjujiip jnipuigphp uiju hnqijuj&p U 
uupnuhp iJhp huijnpq hpuiu[uipuilinnSGhpJiG: f»uq uiGhunipup pGphpgnqGhpp huuSuip (huiilhiilui& 2)-miS, InuiiuGiujG qhuju, 
iShGp uipuuSuiqph^ hGp puiipjiljiuG 2uiui U uipdhpun[np puiGuidUhp liup hujjnpq* «4,ujjI}uiIiujG <uipuiphpujl}uiGnipjuiG 
UupuiGpquijp ShumpjniG» hnq4 m &P9 : 

<uijliuil}uiG dUunJinpanipjuiG hunJuiuujpnHSGtipti dug Qnp GupiSnL&ilu'fr qnp&uiljpg Ghpp huuSuip «s» U «g» 
uiuinuiG2UiGQhpp pGuipnipjmGp upuiniuhiulpuGnipjiuG uipqjmGp ^t, ujji^ ujjQ lpuGtuujiiiniU(yilui& puiji^ t: npniJhtiuiU <uijl}uiliujG 
uiQumpjiuG dhg s qnp&uil}Jigp pGnipujqpnnS t duuSuiGujl}-uiuipuj&nipjuiG GhpppG nLqqnpqilui&nLpjmGp (spin), pulj g 
qnp&uiljpgp qui GmjGujhu chuiiuiGiulili U uiuipui&nipjuiG hpl}pui^un}inipjniGp pGmpuiqpnq liulj uiji^ iSh&mpjniG t (metric): 

Uju hnqijuj&p uiu}uiqpi[Ql_mg hhuin, iSUGp hmju niGhGp, np <uijujuuiuiGp ujhuinipjujQ hn^iuGuiipipnipjiuG 2Gnphfiil 
hGuipun[np IpJiGii 4,uijuiuuiuiGniii hpiuiniupiuljtq «<uijliujl}uiG ShumpjmQ» ui2pJuiuinipjniGp uuSpnqgmpjuuip, p ijiuinu lihp 
UpnpqpGhpJi Shqp U UpnpqpGhpJi 4uijphGJip <uijuiuuiuiGJi: 1-ui IpJiQfi lihp uuSbGuiuiqqhgpq ujujuiuiuJuuiGp 4,uijng 
gQqiuuupuGmpjniGGupp ujujuiilJipuiuiniGhptiG, &puiqpuiilnpnqGhppG, Jipuiqnp&nqGhpJiG U luGiniuppup U2tuuiph{iG: 

Uuipnq t QuiU hiupg uinuijuiGuq ph pG^n\ hGp iShGp lihp Qnp uuiuiguift huipuiphpuiliuiQnipjuiG huiuimli uihumpjuiG 
dhuupnpjmpjujQ huu[uiuuipniiiGhpp l}n^nnS - «4,uijl}iulp_uG QUuiipnJunipjujG <uuluiuuipniiiGhp»: lluiuiuiupauiGp 2uiui ujuipq t: 
Uju qpuiuiljuiG uypJiuuinipjniGp qpi[ht t 4ujjhphG, ljuiuiujpi[ht t 4uaj qpuiGuiljuiGp linqiSfig 1968 pi[uiliuiGJig ul}uui&, npp 
uiuipphp pGqiipgnnSGhpni[ uiUh|^ t iSnui 40 uiuipfi U qhn 2uipmGuil}ilnnS t: Uju hhuiujqnuimpjniGp qnun <^uij1jujI}uiG liuipfi 
uipquiuppG t U npp phqiiGunlnpi[h^ t UpnpqfiGhpp UppuiquiG ^uijphGppniii" 4,uijuiuuiujGniii: ^huiUuipuip iShGp rjipil 
puipnjuiljuiG fipunlniGp niGhGp uiju Qnp lupuiiu&ilu 1 '* dhuupnpjmpjujQ huu[uiuuipniiiGhpp Ijnjhpii* huipuiphpiulpjiGnipjiuG 
huiuinilj uihumpjuiG 4,uijI}ui1jujG QUuupnpjmpjuiG ^luipuuiupnuiGhp, hulj uihumpjniGp" <^uij1jujI}uiG 4,uipuiphpuiljuiGnipjuiG 
<uiuinil} ShumpjniG: 

khggh' UpnpqpGhpfi <uijphGpp 4,uijiuuuiuiGp 



2-82 
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Pni]ui Qqiulinipj m Q 



100 Saipi|ui <iui|uiuiuip.GGnipjnLQp Q-JiuimpjiuQ Uhg Ui|ujpuii|hg 
Q-JiinnipjuiG Uhg ■iuijt[iulp_uG <hr[iui}inJunipjniQp UIjui|lu& t 

2007p. 



1 - Upiujuiip Injhpp <iupiupapuilpuQ CiupdiSiuQ "blpxipiuqpnuip (4-6) 

1.1 - Upiujuup Injhpp cfmdmQiulpiiitiiupiu&uijpQ QUunpnJunipjiuCi ^uiqMjiuuipiuiSQhpp (7-9) 

1.2 - f*QapgpuiL ^luiSiulpupqhpp UljqpQiu^tiinhpp CiupdiSiuQ 4,auiuiqnuiniiSp (10-11) 

1.3 - <wpwpapmlpxiQnipjmQ <piSQwiyinijpp Oqinuiqnp&nuSp 

^uipiupapiulpxiQ CiupdiSiuQ QUiuipnJunipjiuQ ^uiqMjJuiupnuSQhpp Uhj (12-17) 

1.4 - <iiuuuiujuiniQ UpiuqnipjmQQhpp Q-niiiiupiSiuQ U 4iuQiiiuQ PiuQiudUhpp (17-18) 

1.5 - kuiiSuijiulpnQ UpiuqnipjniQQapp Q-miSiupiiiuQ U ^uiQiSiuQ PiuQiudUhpp (19-20) 

1.6 - ^uijnpqiuljiuQ QUiuipnJumpjniQQhpp kppiunmijp (21-24) 

1.7 - lnupUnp <hinLnipjniQQap 4,iugnprpuqiuQ QUiuipntunipjniQQapp UppumiuiSpg (24-32) 

1.8 - CuipdiiuiQ UQhiuiSiujiuipnipjuiQ ^lujinQiupapnuSp f'QhpgpuiL <iuiSiuqiupqhpmiS 

U ^lulpnqpp I^Qhpgpuq <uuiiul}iupqhpp UuihiSiuQnuSp (32-39) 

1.9 - ^iupiuphpiul}iuQnipjiuQ ^piSQiuiipnijpp Oquiujqnp&niiSp 

d-iiiiiiuQuilnuuiuipiu&nipjiuQ Upgiul}iujpp ^uy^iSiuQ 4,iuiiiup (39-45) 

1.10 - Pmgiupdaiq d-iuiSiuQuil}p U Paigiupdiul} UpaiqnipjiuQ UaihiiiuQniiip 

U Piugiupdiuq UpuiqmpjiuQ QUiuipnJunipjiuQ 4,iuq'iuuiupniiSQhpp (46-52) 

1.11 - ^lujqiuljiuG 4,uipiuphpiulpuQnipjiuQ 4,iuuimq ShunipjiuQ UniuQdQiuhiuinmAj ^tuqptipp (53-61) 

1.12 - chiidiuQiulpiiuiiupui&uijpQ QUiuipnJumpjniQQtipp "UtiplpiijuignuSp 

UrijniuiuliiujpQ ^luipiiuiupnuiQapp Shupni[ (62-64) 

1.13 - ^.hpjiupuiQ quiiS Uiiipnipmii (65-68) 

4,uiilbpJ_iu& 1 - Lpuigmgp^ PiuQuidUhp (69-71) 

4,iui[hp4ui& 2 - Q-iuOdiuuiup 3>pqpl}nuQhpp 4,uuiiup (71-81) 

4,nmiiQap - (82) 



© O-blpntuSphp - 2012p., fl-nphpui "biuqiupjiuQ U 4iujl[ X>iuqiupjiuQ, UppipuQ 

<hnJiQiuqiujpQ ppuii[niQpQhpp. 1-867641991 , 21 ahlpnhiSphpp 2012p., UlTb, (Copyright Office) 

284664204 , 21 aaquiaiipapp 2012p., UU0-, (Copyright Witness|) 
SuiQlpiiguiiJ <iuj ^>pqpl}nu qiupnq t luqiuinnphQ qiupqiug Qh^ uiju hnrpliud-qppmjlpuiS uipfriufrU 1 iu& qiurpuipiupGUpp U 
oquiiuqnp&h|^ piuQuidlihpp: UpiujQ piQiyimiS hQp np luQiquiuilSiun ilHuiJuilTOkB* «4iujl}iuqiuQ ShumpjniQ»-p, 
«4,iujl}iuqiuQ <uipiuphpiul}iuQmpjiuQ ^luinmlj inhunipjniQ»-p quid «4,iujl}iuqiuQ <uipiuphpiul}iuQmpjiuQ UapiuQplpii»-Q: 
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4,uijlpnljuiQ -iuipuiphpuilpiiQmpjuiQ ^uiuimlj ShumpjmQ 



1 - U]iiu£im|i Q-njhpJi 4,iupiuphpiuliiuQ CiupchSiuG \jliiupiuqpnii5ii 

^uiuuitpiiQ ubpuiQhlpujhg hiujuiQp t np lipiujuiip Q-njhpp huipuiphpuilpnQ 2uipduuiQ lunjuhjuiQ mqpq U huilpiimupd 
dhuiUinhimpjuiQ huiihiiuuipmuQhpp mQhQ hhuihjuq uihupp. 

Hinjiij dhuiiJinpimpjmQQhp 4,uitpnnuipd dhuiiJinpimpjmQQhp 

t=t' 1-u 

x — x' + vt' 

(1 - U)-ni[ uipihiift •LuiiJnhjuiQ dLuidinpimpjuiQ huiihiiuuipmuQhppg hhuihmu t np duiuuiQuilpi mQp puiguipduili pQmjp L 
Ipjipiipufr it ni JiQhpgpuq huiuuilpiipqhpli ppiup Qlpnuiuuiup mQhgui& huipuiphpuilpiiQ uipuiqmpjniQ{ig L n^ t^ uiuipuifruilpnQ 
uinuiQgpuipilhppg: UjufiQpQ duiuuiQuilm U uiuipui&mpjniQp ppuippg uiQlpupi pQmjpp IpfiqjilpjilpiiQ hpLmjpQhp hQ: 

Puijg LnphQgp huipuiphpuilpnQmpjuiQ uihumpjmQp puiQnhg duiuuiQuilip pQmjpp uuiufiQ dhp mQhguifr lpnpfrpuigui& 
upiiuiljbpuigmuQhpp L uiupugmghg, np duiuuiQuilm U uiuipui&mpjniQp n^ ph ppuippg uiQlpupi, uiuipphp pQmjpfi ^ppqplpulpiiQ 
hpLmjpQhp hQ, uij^miinQp 2 mr l'l ulu l l l UJ & bG ppuip hhui L huiQijhuuiQmu hQ utuj ^ppqplpulpiiQ hphmjph uiuipphp Imipihpp: 
<huiUuipuip duiuuiQuilm ^mQfi puiguipduili pQmjp L duuidinhimpjuiQ huuluiuuipmuQhpp uh$> duiuuiQuilm Ipupiipiifr iqhuip t 
iJiQp Quilt uiuipuifruilpnQ uinuiQgpuipilpg U huipuiphpuilpiiQ uipuiqmpjniQhg: 

Uju hmjihii&mu QhQp IpjinpdhQp dp puiQh puijL uinuij uiQgQh^ LnphQgp huipuiphpuilpiiQmpjuiQ uihunipjmQfig U 
IpupuiuidhQp huipuiphpuilpiiQmpjuiQ huiuimli uihumpjuiQ ^uijlpulpiiQ dhuiihnhimpjuiQ huiihiiuuipmuQQpp* uiuhQuia2qppui 
huiihiiuuipmuQhpp, upui^unp IpfiqjilpjilpnQ uiuipui&mpjuiQ hunSuip, nhlpnihiipilhmil upuijQ uipuiuuipuiQmpjuiQ ophQpQhpml: 

■^uijlpiilpiiQ huipuiphpuilpiiQmpjuiQ huiuimli uihumpjuiQ dUuiUinpimpjuiQ uiuhQuiiS2<}npui huiihiiuuipmuQhpp uipuiui&hpii 
hunSuip uhQp oqimlhpii hQp hhuihjuq hphp hliuQiiiminijpQhppg. 



1 . PGmpjiuG bpbnijpGbpp b j)liqlibwjli ophGpGbpp pn[np JiGbpgpwi hiuiSwliwpqbpmiS [lpwp hwdwpdbp bG, 
mjupGpG mjq bpbnijpGbpp b opbGpGbpp Glpupmqpdmd bG dpbGmjG diupbduiuiJibiubuiG fimGbgfiwjnd: 

2. Pn[np pGbpgpwi hwdiuhwpqbpmd, wGjiupd Q-njbpp hwdwp, dwdwGwbp^wpddmd t 
dpbGmjG mpbqbpwbwG hwumwmniG wpwqnipjiuitp, npp b WbGp bG^wGwbbGp c inwnnil: 

3. fin[np pGbpgpiui hwdwbiupqbpmd dwdwGwbp b mwpuidmpjniGp hwdwubn bG (hwmmb uibumpjniG): 



1-P 



^uijlpuljuiG huipuiphpuiluuGmpjuiG uihumpjuiQ (1 - P)-nil uipilui& hfniGuiqpmjpGhpp 2uiin jhG inuipphpilniu uii[uiGquil}uiG 
LnphGgjuiG huipuiphpuiliuiGmpjuiG uihumpjuiQ h{iuGuiiipnijpGhppg: <uijU_uiliuiQ 4,uipuiphpuiliuiGnLpjuiG ShumpjuiG uinuijfiG 
ul}qpmGpp huniuipjui huiupGl}Qmii t LnphQgp huipuiphpuil}uiQmpjuiQ uihumpjuiQ uinuijpQ uljqpnLQpp hhui, puijg dhp hpl}pnpij 
uljqpmQpp pnmpnilliQ Qnp iihl}QuipuiQmpjniQ t uiuiiJiu ph pQj ^pap^uiljuiQ piiuiuin mQfi uiphqhpuiljuiQ c uipuiqnLpjmQp: 

f 1 uiuipphpnipjmQ LnphQgp huipuiphpuil}uiQmpjuiQ uihumpjuiQ, npp mijup uiuipui&iiuiQ hphmjpp h mgup 2uipdiiuiQ 
uipuiqmpjmQp puipdpuigph^ t limnpfi uiuuipiSuiQp[2], [4], QhQp huijuiuipuipmiS hQp, np uijq uiphqhpiulpuQ huiuuiuiuimQ 
uipuiqmpjmQp n^ Qp Ipuu} ^mQp mijup uiuipui&iiuiQ uipuiqmpjuiQ hhui, uiji^ uijQ ujuipquiujhu duuiuiQuiljp 2uipduuiQ 
uipuiqmpjmQQ t SphqhppmiS h uijQ mQfi QmjQ uipdhpp pn^np pQhpgpuqmuuuiljuipqhpmu: f»ul} ujmu liuipiSpQQhpp Ijuipmj hQ 
2Uipdi[ht uijij uiphqhpuil}uiQ uipuiqmpjmQfig pQjujhu quiQquiq QmjQujhu h uipuiq, l}iutuihjj& duuiuiQuiljuiuiuipui&mpjuiQ 
hpljpuijuidiuiljuiQ l}uinmgi[ui&ppg: Puigp qpuiQpg lihQp uijq uiphqhpuiljuiQ huiuuiuiuimQ uipuiqmpjmQp ImyiuS hQp QuiU Onpp 
h Uh& ui2piuiphQhpp ppuip hhui ljuiumq hqpuijhQ uipuiqmpjmQ: f»ul} duiuuiQuiljuiuiuipui&uijpQ ufijuiipiijpfi huiiiuiuhnmpjuiQ 
quiipudiuipp lihQp pQnmQh^ hQp npiqhu hppnpq hpiiQuiqpmjp huipuiphpuiljuiQmpjuiQ huiuiml} uihumpjuiQ IjuinmgiSuiQ huiiiuip, 
npp uiQhpuidh2UimpjmQp li4hpuiQui huipuiphpuiljuiQmpjuiQ pQqhuiQmp uihumpjuiQ uuihn&uuiQ duiiiuiQuilj: 

Cuqq&md 1-1 - Ubp (1 - 9-)-ni[ inpi/iud JipiSGwijpmjpGbpfi dhp jbui inmpmdmpjiuG huiduiniqijnprjdwdmpjLuG 
wGhpwdb2umipjniG dwupG npbt u/Gipiid[l], [3]; ITbGp uinbiufubi bGp wjG, npndhhwb pGbpgpwi hwdwbwpqbpp, 
ludbGwpGiphwGmp qhujpmd, biupnq bG mGbGwi GbpppG qhpiuiyujmdhi/i niqqnipjniG b hbmbwpwp wjr} GbppfiG-hnqbbwG 
mqijmpjniGp Ipupnq 1 2 mm kutpbnp rjbp biuwwphi hwpuiphpiulpuG jwpddwG dbwipnfiimpjwG hiudiuuiupmdGbpp dhp: Uju 
diwump wnbwjmpjmGp luidmqnijGu gmgwqpdmd t bmii^iuip iniupwdmpjwG dbp hiupwphpwhwG 2iupddwG <ZuijhwbwG 
dhwipnpjmpjwG hwdwuwpmdGbpp wpmwddwG dwdwGwb: 
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Piugp (1 - P)-n4 uipipiJ& hphp hpdGuiqpmjpQhppg, huiQniQ iqiupqmpjuiG, iShGp pQrpuGnuS hdp np pnpip pGhpgpuiL 
huidiuquipqhpp ujbuip t puiihupuiphQ QuiU uqqpQiuquiQ UJitSiuqp hhuiLjuq iquijduiQpG: 



bpp t = t' = t" =. . .= 

Uupu pn[np pGhpgjiiui /miii'uibwpqhpp uqqpGwqbmbpp hwiSpGl]GmiS bG ppwp hbm mwpwdmpjwG bbuimif: 



1-q. 



Ujdd oquiijhpiq' (1 - P)-ni[ tnpi[ui& hphp hpdQuiqpmjpGhppg U (1 - Q-)-nil inpi[ui(J uljqpGuilpjiG i|p6uiljp upujduiGpg 
uipinuidhGp <iujl}LulpjjQ hiupuiphpiulpjiGnipjiuQ hiumniAj inhumpjuiG LudhGuipQnhuiQnip dLunpnpinipjiuQ hun|uiuuipnLdGhpp: 

'l-pui huiiiuip bQpuiqpbQp np mQhQp hpqm l}unSiujuil}iuQ K' U K pQhpgpuqhuiduilpiipqhp, npuihq K 1 pQhpgpiu^ 
huiduiquipqp K pQhpgpuqhuiiiuil}uipqp Ql}iuuidiuiip U qpuilpuQ x uinuiGgpp mqrpupjuidp 2uipdipud t v huiumiuuiniG 
uipuiqmpjiudp, pul} K pQhpgpuiL huiduiquipqp K' pQhpgpuq huiduiquipqp Qquiuiduidp 2uipdipud t v' huiuinuiinniQ 
lupiuqnipjunSp: flpuihq, uidhQuipQnhuiunLp qhiqpnui, huiduiduijQ (pQqqdmd 1-1 )-p, inuipui&nLpjniQp huiduimqqnpqilui& ^t h 
hhinLuipuip v' huilpjjquipd huipuiphpuiquiQ uipuiqnipjuiQ puiguipduiq dh&nipjmdp quipnq t huu|uiuuip £l]iQtq v mqpq 
huipuiphpuiquiQ uipuiqnipjuiQ puiguipduiq dh&mpjuiQp: UjupQpQ uidhQuipGnhuiQnLp qhiqpmd 6p2tn t hhuiLjuq iqGqmdp. 

Iv'l*lvl 1-0- 

Ujuuipurnl hplpu quiduijuiquiG K' U K hGhpgpuq huiduiquipqhpp uinuiGgpuipi|hpp dpgh mnjiq h huilpjjquipd 
duuupnpinipjuiG huii|uiuuipnLdGhpp, uidhGuipGnhuiGnLp qtuqpmd IpuGhGuiG htunLjuq Ipjjpjijuj&nipjniQp. 

flinjiq 6Uuii}inJunipjniQQtip <uiquiquipd 6UuiipnJunipjmQQtip 

t' = t'(t,x,v) \ t = t(t',x',v') 1-b 

x — x (t,x, v) x = x(t ,x ,v ) 

Cun.q&niil 1-2 - bpb iSGGp oqmi[hGp (1 - l~)-/i hppnpn JifaifGiunpmjp/ig, hiuiSwdwjG npji hwpwphpiulpuGmpjiuG hwuiml] 
mbumpjwG Gbp pnpip liGbpgJimi hwUwbwpqbpnid dwiSuiGwtyp L mwpwdnipjniGp hwiSwubn bG, wupu hGuipwGnp t 
mupugmgbi, np (1 - \j)-nU inpdiud hwpiupbpwlpuG ^wpdtSwG wiSbGiupGnhwGmp mnfin b huibuupupd dbimpnpjmpjwG 
hwdwuwpmilGhpp, puin dmGwGwljfi b mwpwdnipjwG, niGbG q&wjIiG l]iupjilwdnipjmG [2], [4], [6].' 

TjUihipuiG dpui^uuh qnjhpp duiduiGuilpjjLnuipui&uijpG dhuiipnhinLpjuiG huliluiuuipnidGhpp uipuiui&duiG uiGgGtqp 
GhplpjjjuigGhGp pQhpgpuq hiuduiquipqhpp npuilpiilpuQ uibuiuqQhpp: bpl}^uaipuiQp duiduaQuiljuiinuapui&nipjiuQ dhg qnjmpjmQ 
niQhQ pQhpgpun huidiul}uipqbpp hpl}m Junidp' uigiJil} pQhpgpun hiuduil}uipqtip U duijuipq pQhpgpun huiduiqiupqhp: Ujipq 
quid fiiupJiJil} pQhpgpuq hiuduil}uipqhpp diuduiQuil}iuinuipui(JiuquiQ hiuppmpjuiQ dhg upmnhpiq' hpphp fipuip hhtn ^hQ 
huidpQljQp: <binUuipuip qpiuQp npiul}uiiqhu iniupphp pGhpgpuiL huiduiqiupqhp hQ: '-Lhpnhp2Jiut uigiJilj U duijuipq pQhpgpun 
huiduiquipqhpp nqg uinuiQfiQuihuiinqnipjniQQhpp pjjq^iuqnijQu p huijin qquiQ hnui^uiip 5>pqpquiliuiQ uiuipui&mpjuiQ Ipud 
piuniu^uiip duiduiQiulpiiiniupui&nipjuiQ dhg: Uhui hplj^uiip dunSuiQuiljuiinuipui&nipjuiQ dhg pGhpgpuiL huiduiqiupqhpp 
uinuiQgpQhpp niqqil 111 ^ 11 ^ 111 ^ P n L n P hQuipuiilnp uiuipphpuil}Qhpp h npuil}uiquiQ muipphpnipjniQQhpp: 

1 . UupuqimShin wpifib b wGgjwnuiSbm dwpJipli pGbpgpuj[ hwiSiulpupqbpp mpUiuq&ilwcr bG uumpb 

[ 



ILuiuiqunihui 



U21W 

-> x 



f t— - -t 

\ X— -X 



auijuQiij 




UQgjuiiuiiltiui 

q.&uiq]iji 1 t 

(Q-friuqlip 1)-p dhg, uig Ijnqdp uiQgjuipjjdhin duijuipq pQhpgpun huiduiqiupqp iquiuihpiil 180°-nd t , uijQ IjhuidpQqQp duiju 
qnqdp uiiquiqiudhui uigiJil} pQhpgpuq huiduil}iupqp hhui: 
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2. UupuquiiShm diufuijib L wGgjwiwiSbm iug]]ib pGbpgpaii hwGiubwpqbpp mpUwqdi/ui& bG uumph 

t 



UuiLuqiuiibin 



OmJu[Jil} 



{ — "' 

(.X— +x 



x -s * u r > x 



ft — +t 

\ X — i- -X 



uaiH 



Urigjiuiunlbin 

Q-&tuq]iji 2 t 



(Q-cJiuqpp 2)-Ji ui$> qnrpjfi uiGgjuipuiihui uagjjili JiGhpgJiuiL huiiSiuquipqp upnuihpiq' 180°-ni[, uijQ ghuiiipGqGp duiju qnrpJJi 
luupuqiuiitiin diupaiJil} pQbpgpunhuidiul}LupqJi hhui: 



lljuiqjiuni[, diuiiuiGiuquiuiuipiu&nipjuiG iSh$>, lihQp qiuGhGuiGp npuiquiiqhu ppuippg uiuipphp hhuiUj ui^ hplpii pQhpgpun 
huiiSuiquipqhp < uiupuquiiihui uijiliq U uiiquiquiiShin duijui|iq, npnGp nipq'uiq&il ul <J bfl uuinpU. 

UglJil} pQhpgpun hiuiiiul}uipq Qiujiqplj pGhpgpuiL huiiiuiljuipq 

t t 

Uquiquiilhui Uuiuiquiiitiin 




112 (Jill , SuifuiJil] 

-» x La x *- 



Q-friuqJip 3 



o 

1 1 — +t 

\ x— - -x 



(Q-fruiqpp 3)-[i ui$> linqiSJi fiuipaiJil} pGhpgpLULhuniiulpjipqp huiGnJiuuiGnuS t uijiJil} pGhpgpuiL huiduil}uipqji inuipiu&iulpjiG 
huijhpjijpG uiQqpuiqiupfiniiJp: 

"blpmnp niGhGuipiq' dpiu^uiip uiuipui&nipjiuQ lib? npiulpjiiqhu Jipuipjig inuipphp hplpu fiQhpgJiun huiiSuilpjjpqDpp 
qnjmpjuiG ifiuiuinp, lihQp uiQhpiudh2Uiuipuip iqhuip t uuiMuiGaQp qpuilpjiG U puigiuuuilpuG dUuiqinJunipjniQQhpp: 

Uuihdiulinul 1-1 

♦ IpwljiuG dbwipn[iimpjmGGhp 



UjG dhwipnpjmpjmGGbpp, npnGp wpiph pGbpgpwi hwdwbiupqp pnqGmii bG wpipq pGbpgpiui hwrfwhiupq Ipurf dwpiiplj 
pGbpgpwi hwdwbwpqp pnqGmii bG dwpjjjil] pGbpgpwi hwUwqwpq, li'bGp bwGUwGbGp qpwbwG dhwipnpjmpjmGGbp: 



1-2 



♦ fiwgwuwbwG dbwipnpimpjmGGbp 



lljG dbwipnpimpjmGGbpp, npnGp wp/Jib pGbpgpwi hwdwbwpqp qwpdGniU bG dwpjjjiq pGbpgpwi hwdwqwpq bwif dwpiipu 

1-t 
pGbpgpwi hwUwqwpqp qwpdGmii bG uipiph pGbpgpwi hwdwuwpq, UbGp 1/wGi/wGbGp pwgwuwl/wG dbwipnpimpjmGGbp: 
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1.1 - U]iui^uii|i Q-njh]i]i d-uiiJuiQuil[uiuiui]iui&uij]iQ QUuiiJinJunipjuiQ ^uiijuiuuifiriiiSGhfiii 

£uiQp np iStmp pGqniQmiS hQg np duiiiuiGuilpi U imupui&mpjniQp ppuippg umquipi 3>pqplpiiqui(I hpUmjpQhp jhH, urq 
qpuiGp 2 ulr lk ulu l l l lu ' J bQ ppiup hhui U humqhuuiQnui hG npiqhu iShl[ pQmjpp miupphp qnqiihpp, uiupu huiiiuiduijG 
(pGqqdmiS 1-2)-p, lipiujuiip Injhpp (1 - b)-ni[ uipq\u& huquuphpiulpuG 2uqidiSiuG uiiShGujpGqhuiGnip mqpq h hiulpuqiupd 
dUuiipnpanipjuiQ hiuqMuuuqinuiGhpp iqhinp t iJiQhG q&uijpG U hhuihiupiup qpuiGp IpuQhGuiQ hhinLjuq inhupp. 



Htqpq dUunpnJunipjnLQQhp 

t' = Pi{v)t+ p 2 {v)x 
x' = Y\{v)x + y 2 (v)t 



4,uitpiiquqid dhiuqhnhimpjnLuQhp 
f t = j8i(v')*' + j8i(v')x' 



1.1-1 



(1. 1 - l)-ni[ inpi[iu& dUuiipn[uiSuiQ huiq\uuuipniiSQhpp lihj pnpip uinuiGg Juuiqp U pmiqnq' qnp&uiqpgdhpp qui|m[iu& jhQ n^ 
dmumGmqhg h n^ t^ muqiiudiupjiuQpg: Ujq qnp&iuqpgQhpp qui|m[iu& hG iSpuijQ hunSiuiquiuiujuJuuiQ v h v' mqpq h 
huiquiquipd huqiiuphpuiquiG uqiiuqmpjmGGhppg U hhGg lihp Gujuiuiuiqu t nprytq uijq uiGhuijui qnp&iuqpgGhpp, pGjiqhu Guih 
npn2tq ujjq hpqm huqiiuphpuiquiG uqiiuqmpjmGGhpp iSpjU hquid Ipmqp: Puigp qpiuGpg, pQ^iqhu hphnuS t (1. 1 - l)-n\\ uipq\u& 
dliiuq^npampjuiQ hiui[iuuiupniii(ihppg, Pi(v), P[(v'), f \{v) h Yi( v ') qnp&ui qpg Qhpp ^unpnqiuquiQnipjniQ yuGhG, put} p 2 (v) 
U P' 2 (v' ) qnpdwlqigGhpp mQhG wpwqmpjmG hwlnimmpd jmq^nqmqwGmpjmG L /2(v) h / 2 ( v ) qnp&iu qpg Qhpp mGhG 
uqiuiqmpjuiG ^impnrpulpuGnLpjnLG: 

CQqq&nnI 1-3 - PGuilpuG t bGpuiqpbi np, hunSuiduijG 2 m pddmG huipmpbpwljuiGnipjwG hpiSGwnpnijpp, (1.1 - l)-nd 
mpi[w& iSpw^wip Q-njbpp hwpiupbpwbwG 2uipdiSwG mnpq dbwipnpjmpjwG hmduiuiupnuSGbpp pnpip 
qnp&wbpg-!pniGqgpwGbpp b hwhwnwpd dbwipnpjmpjwG huidwuwpmiSGbpp pnpip hiuiSwuiwmwupiwG 
qnp&uibpg-jjmGljgpuiGbpp inhwp t [pGGG GmjG tymGljgpuiGhpp - GpiujG dp ijhwpmd uijG buip.il/iud wbuip t IpGp v mnpn 
hwpwphpiuliwG wpwqmpjniGpg, pub iSjmu qbwpniiS uijG biupidwd wbuip t IpGp v' hwbiuqiupd hwpwpbpwliwG 
aipiuqnipjniGpg : fimjg wju pGwbiuG GGpwqpmpjmGn, npp ppjmiS t hbGg hwpwpbpwl]wGmpjwG ukqpniGppg, iSbGp 
IpuiqiugmgbGp (1.3) bGpiupmdGmiS: 



(1. 1 - l)-ni[ inpipiifr qfruijpG himpiiuuipnuiGtipp himSiulpDpqhpp npn2p^Qhpp Q2UiQuil}hQp d{v) U d(v') 
inuiniuG2UiQGhpnq', npnGp qui|m[iU(J hQ hunSiuiquiuiujuJuuiliujpuip v U v' mqpq U huilpuqiupd huipuiphpiulpuG 
uipuiqnipjniQQhppg U npnQg uipuiuihujjuinipjniliQtipp IpJiQhG. 

f d(v) = yi(v)j8i(v) - Y2(v)p 2 (v) * 
| d'(v') - Y[(v')P\(v')- Y ' 2 (v')p' 2 (v') * 

(1. 1 - l)-ni[ inpi[iu& mqpq dUuiipnpanipjujQ hiuq^uiuiupniiiQlipp hunSuiqujpqp mi&bmil puui (t,x) uiniuQgpiup4tipp, iSUQp 
quuiuiQuiQp. 



1.1-2 



n(v) , 


P2(V) 


d(v) 


d(v) ' 


P.(v). 


n(v) 



1.1-3 



d(v) 



d(v) 



(1. 1 - 3)-p hunShiSuiintqnq' (1. 1 - ^-nq 1 mp^uift hiuquiquipd dUiudpnJunipjuiQ huiq'uiuujpiSuiQ hhui, iShQp qnpn2bQp 
Juuiqiuq^np qnp&uilipg Qhpp uipimuhujjui4iu& uiQJuuaqujq'np qnp&iuqpgQhpnq^. 



P',(v') 



P' 2 (v') 



ri(y) 

d(v) 

My) 

d{v) 



/i(V) 



r'liy') 



d(v) 
72(v) 



1.1-4 
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\>i5uiGiuiqhu (1. 1 - l)-ni[ inpipiifr hiulpuqiupd dUiuipntunipjiuQ hiuiliuuiupniuQupp hiuiSiulpupqp pu&tqnil puui (t',x') 
umiuGgpiupqMjpp, lihGp IpiuiiuQiuGp. 



d'(y') d'(v') 

P'iW) rW) 
d'(y') d'(v') 

(1. 1 - 5)-p hunShiSuiinhpiil (1. 1 - l)-nij uipq\u& mqpq dlauipntumpjiuQ huiq^uuiupiSiuQ hhin, iShQp qnpryhQp uiGpiuiquiipip 
qnpfriuljpg Q hpp lupuiiuhuijuiiliufr Juiuqiuq^ip qnpfriu qpg (I hpnq\ 



Pi(v) = 



Pi(v) 



r[(y') 

cf(v') 

PW) 

rf'(v') 



ri(v) = 



72(v) 



d'(v') 
d'(v') 



1.1-5 



1.1-6 



fqiiup hhin hunShiSiuinhpiq' (1. 1 - 4)-n4 U (1.1 — 6)-nq' uipq\u& qnp&uiqpguQpp wpuiiuhiujuinipjniQQQpp lihGp IpiuiiuQiuGp 
liQinLjiUL umGyiipjmGGQpp, npnQp mqqiuqpnpQG phimu qG q&iujpG dUiuipnhinipjiuG huiuilpupjniGGQppg. 

♦ d(v) U d (v 1 ) npnjfijGbpp hwiSwp rfhGp huiniuGwGp hhwhjwi pGwhiuG wnG^mpjniGp 

d(y)d'{v) = 1 



1.1-7 



♦ ji\ L y\ qnp&wUpgGhpp ilppL mhpp mGp GmL hhmhjmi wnG^mpjmGp 

^i(v)M(v') = 7i(v)r'i(v') 



1.1-8 



t>uq (1. 1 - 4)-ni[ quid (1. 1 - 6)-nq' uipq\u& huiq'uiuuipnHSQhpp hiuuuiqiupqQpp hpqpnpq hiuq^uuiupmuGtipp piudiuGtqnil 
ppuip Ujiiu lihGp IpiuiiuQiuGp lip uipinuihuijinnipjniQ npp lihup Ip^uiGuiqhQp 4i uiumuiU2UiQnil, pdjiqQu gmjg t inpipxid 
uuinpU. 

Hy) P' 2 (y') , 
72(v) y' 2 (v') ' 

(1. 1 - 9)-pg hhinUrmS t np 4i qnp&uiqpgp iSp qtuqpniii iqhinp t quipiq , ui& iJiQp v niqpq huipuipupiulpuu uipuiqnipjniQpg 
puq ujmu qtuqpniiS uijG Ipiipiiluifr iqhuip t IpQp v' hiulpuqiupd huipuiphpuiquiQ uipuiqnipjniQpg, pG^iquu gmjg t uipihjj& 
uuinpU. 

Pi(y) 



= <i(y) 



^-<,(V) 



Yi{v) " IV " y' 2 (v ! ) 

bi hwiSwdwjG (1. 1 - 9)-niJ mpihia& uinQyiipjuiG, 4i(v) U 4i(v') qnptmiqpg-qjniQqgpmGupp ppmp hmijuiuuip qQ. 



<i(v)= <i(v') 



1.1-9 



1.1-10 



1.1-11 



(1.1- ll)-m[ inpipiifr 5>niQqgpnQoq huiiliuuiupniup niGp pu&iSuiG upqni hGuipuiilnpnipjniu. 



iu ) llnwppG hGiupwUnp pit dm Up 



Iv'l = Ivl 



(1.1- 12)-ni[ inpipiifr iquijiiuiGp qtuqpniii piuq'iupiupq'nnS t (1.1 — ll)-ni[ inpiuxifr IpniGqgpnGuiL hiuq'iuuuipniiip, piujg uijG 
huilpiiuniii t uiuQQuipGqhuiQnip dUuupnJunipjuiQ hui^uiuuipniiiuQp quiQtqm (1 - 1-)-ni[ inpiuxifr iSbp iquihuiGjpG: 4,QinUuipuip 
(1.1-11 )-ni[ inpipxifr IpniGqgpnGuiL huiiluiuuipiiuiG iuju uinuijpG hGuipuiq^ip pu&miip iiuGp uhpdniii uGp: 



p) bpbpnpq hGwpwilnp piidniGp 



Iv'l * Ivl 



1.1-12 



1.1-13 
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IIjuhQpQ uiiSbQuipQqhiuGiup dUuiipnpanipjuiQ himpiiuuipnuillhp quiQhpu (1 - 1-)-ni[ uipi[uj& dhp upuhiuQjp puiqMupuipipuii 
t: 4,buibiupuip (1. 1 - ll)-ni[ uipL[uj& $niQqgpnQuq huiipiJuuipnuSp mQp hhinUjiu^ iSpuilj hQiupiuihip pudiuiip. 



<i(v)= <i(v') = <, 



hwuinwinniG 



1.1-14 



lljumpuni[ (11 - 9)-ni[ mpiluj& uinQyupjiuQp, InuiiuiduijQ (1. 1 - 14)-p, iSbQp Ipupnq hQp qphLhhuibjuq b,bpu[. 

Pi(v) _ P' 2 (v') 



<, 



huiuinuiumiG 



/2(v) y' 2 (v') 

£uiQp np y 2 qnp&uiljpgQbpp niQhQ uipuiqiupjuiQ ^unpnquiquiQnipjniQ b rpuuiuqiuQ iSninuiplpiuiQ qbujpniiS, pQ^iqhu 
bpbnuS t (1 - U)-ni[ uipihiifr luiippYpuQ mqpq dbiuipnhaiupjiuQQbppg, qpuiQp mQbQ puiguiuuilpuQ Q2U1Q, pub, p 2 
qnpfriuqpg Qhpp iuQbQ uipiuqnipjuiQ huiquiqiupd jujq'inquilpiiQnipjniQ: ^hinUiupuip (1. 1 - 15)-ni[ inpi[ui& i,\ huiuuiuiuiniQ 
iSbdiupjmQp iSbQp Ipupnq hQp hiuiSbiSimnbL uipbqbpuilpjjQ c lupiuqmpjuiQ hbin h uijq huiuinimniuQp qpb^ hhuihjuq l}bpu[. 



<i =-* 



1 



= hmuuiuiuimG 



flpinbq g-d duiiiuiQiuquiinuipui&nipjuiQ hplipiu^uidiuilpiiQ Ipumugipiifrpp pQmpuiqpnq huiuiniuinmQ iSbdiupjniQ t h npp, 
hiuiSiudiujQ (1. 1 - 15)-nL[ mpOjUift lunQyiipjiuQp, prnnp pQbpgpuq huiiiuil4iupqbpnui mQp GmjG iSbdmpjiuQp h ul}qpniQpnphQ 
quipnq t LpQhL h qpuilpuQ b piugiuuiuquiQ iSbdmpjiuQ: 

(1. 1 - 16)-ni[ inpipiifr 4,i qnp&uiljgp uipdbpp uihquiqpbpiq' (1. 1 - 15)-nL[ uipOjUift lunQyiipjiuQ dbg, iSbQp p 2 
qnp&iuqpg-^niQligpiuQhpp Ipupnq hQp uipinuihiujinhL y 2 qnp&iuqpg-^niQligpiuQhpnq' hhuihjuq b,hpu[. 




1.1-15 



1.1-16 



1.1-17 



lIjQmhhinh fi 2 qnpfriuqpg Qhpp uipiniuhiujinnLpjmQQhpp (1. 1 - 17)-pg inhrpun.phpii[ (1. 1 - 2)-h lihg QhQp npn2p^Qbpp 
hiuiSiup quuiujQuiQp hhuihjuq wpuiuihuijuiiupjniQQhpp. 

d(v) = n(v)j8i(v) + g\[Y2(v)] 2 * 
c 

d'W) = y[(V)p\(v') + s4[ri( f ')] ! * 

c 

\>i5uiQuiiuhu p 2 qnp&uiljpgQhpp wpuiuihuijuinipjniQQhpp (1. 1 - 17)-pg uihqiuqphpiq' (1. 1 - l)-p iSbj, QhQp iSpiu^unp 
Q-njbpp huipiuphpuilpjjQ 2iupdiSiuQ mqpq b huilpurpupd dbunpnJunipjniQQhpp huiiiuip IpnnuiQujQp hhinUjuJL himliuuuipnuiQhpp. 



1.1-1! 



fluipq dUuiQintuiupjniQQhp 

= Pi(v)t-g J T y 2 (v)x 
c 

' = y\{v)x + y 2 (v)t 



4,uitpiiquipd dbunpnJunipjniQQbp 

t= P\(y')t' -g\y' 2 {v')x 
c 

x = y[(v')x' + y 2 (v')t' 



1.1-19 



CQqq&nnI 1 -4 - (1.1 - \&)-nd inpdmd dhmdmJumpjmG d(v) h d'(v') npnjp-jGbpp-, hwrfwdwjG (1.1 -l)-p, 
apwdwiSwGwl] ujbuip t ifiGbG GuiiS qpiubwG b buiiS t[ pwgwuwbwG iSh&mpjmGGhp: IpwhwG hmii pwgwuwhuiG npn^pt 
niGbgnq dhwipnpjmpjmGGbpp tlpw^wip muipwdnipjuiG iShp, hwtluiduijG (1 - Q)-nd b (1 - fc)-/7(/ wpGiud uwhiSwGmiSGbpp, 
dbGp qpwGp GmjGujbu huiGGiuGbGp hwiSwuiwmwupjiuGwpiup <aipwhwG dbimpn[unipjmGGhp» buiiS «pwgwuwbwG 
dbwipnpjmpjniGGbp»: Uju bphm npiubwigbu mwppbp dbiuipnpjnipjmGGhpG t[ niGbG qnjmpjwG ppwdmGp, npndhbwb 
qpmGgpg uiiSGG iSbbp Glpupmqpmd ' t dp npnjuibp jtpqJihiubuiG bpbnijp: 



^puiquiQ dbuiqhnhanipjmQQhp 

J d(v) > 
1 rf'(v') > 



PuiguiuuiljuiQ dbuiq*inJunipjmQQbp 

J d(v) < 
I d'(v') < 



1.1-20 
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1.2 - I^Qh]ig]iui^unJuil[ui]iqh]i]i UqqpGuilihuih]i]i GuifichJuiG ^huiuiqnuiniiSii 

\>uiju Q2hQp, np uinuiQg pGqhiuQpnipjuiQ qDii liDnuiG^Qpu, iSpiu^unp iniupiufrnipjiuQ lihg K pGhpgpuiL himSuilnjipqp 
QquiuiiSiuiSp K' pQhpgpun hunSiuliuipqp 2iupdiSiuQ v uipuiqmpjniGp (ninjm uipuiqmpjniGp) iSbQp Ipupnri hQp pQinph^ uijQiqhu 
np uijQ dp2in ninrppiifr it 1 ^ X uiniuGgpp qpiuquiQ ninrpupjunip U hDinUuipuip iujQ IpiiGp lyiuilpuG lih&nipjniG: 



v>0 1.2-1 



lljdii oquiq'hpiq' (1. 1 - 19)-n4 uipu\u& lipiujuiUi Injhpp hiupiuphpuilpiiG 2iupdiiuiG ninjm U hiulpurpupd dliiuq^npinipjiuQ 
hiui[iuuiupniiiQhppg, gniguiphptiGp ^pqplpuquiQ uninhgnui L hui2ilaG]2 K' U K pGhpgpuiL huiiiuilpupqtipp uqqpQuiqhuihpp 
2UipdiSuiG uipiuqnipjniQQhpp, npnQp iqhuip t hiuiipQqQhQ hoGg GmjG pQhpgpun hunSuiquipqhpp hunSuiiqujuiujuJuuiQ 
hiupiuphpuilpiiG lupiuqnipjniQQhpp hhin: 

1 . K pGbpgpwi hwtlwljiupqli GbwmtlwUp K' pGbpgpwi hwiSwbwpqp uuqpGwbbwp 2wpddwG 
hbmwqnmm dp 

K' pQhpgpuiL hunSuiquipqp O' uljqpGuilpjinp 2iupdiiuiG pGinpnipjuiG nfciqpniiS, iujij ul}qp Quil[tiinp uiuipui&uilpuQ 
uinuiQgpuipq'hpp K' U K pGhpgpuiL huniuilpxipqQpniu' IpiiGhGuiG htunLjuiL uipdhpQhpp. 

= ° 1.2-2 

= vt 

(1.2 - 2)-ni[ inpipufr O' ul}qpQuil}hinp uiuipui&uilpiiG uinuiGgpuipilGPP uipdhpQhpp inDrpunjiDpiil (1. 1 - 19)-ni[ inpipufr 
inuipiufriuquiG umuiGgpuipdJi nu]pq dUuiqhnpimpjujQ hiuipuuiupiiuiG iSq$>, lihGp quuiuiGuiGp y 2 qnp&iuqpg-J>niQl}gpuijp 
uipiniuhuijinnipjniGp. 

y 2 (v) = -yi(v)v 1.2-3 

lljdii tl (1.2 - 2)-nil uipu\u& O' uqqp Quil}huip iniupiufriulpuG uinuiGgpuipdJjpp uipdhpQtipp uiDnuinjiQpiq' (1. 1 - 19) -ml 
inpipufr diuiSiuGuiljp U uiuipui&nipjuiG uiniuQgpujpq'tipp hiulpurpupd dUuiq^npimpjiuQ himpuuuipnuiQDpp iSbj U uijq 
himpiiuuipniiiGDpp piudiuQUpiil ppuip i]pui, iSUGp IpnnuiGuiGp v mnjiq huipuipQpiulnjjQ uipuiqmpjuiG uipuiuihuijuinipjniGp. 

v=i = 4^ 1-2-4 

2. K' pGbpgpwi hwiSwbwpqp GbwmiSwiSp K pGbpgpwi hwiSwbwpqp uhqpGwhbinp 2wpdiSwG 
hbmwqnmm dp 

K pQhpgpuiL huniuilpxipqp O ul}qpQuil}hinp 2UjpdiiuiQ pGinpnipjuiG nhujgnul, uijij ul}qpQuil}tiinp uiuipui&uilpiiG 
uinuiQgpiupq'tipp K U K' pGtipgpuiL huniuilpxipqQpniu' IjniGhQuiG hbuiUjuil uipdhpQhpp. 

1-2-5 

x — v t' 

(1.2 - 5)-nil inpipufr O uqqp Quil}huip iniupuifruilpuG uinuiGgpuipdJjpp uipdhpOtipp uiDnuiqpapiq' (1. 1 - 19)-nil mpOjUift 
iniupiu&iuquiQ uinuiQgpiupq'p hiuquiqiupd dUuiq^npimpjuiQ hiuiluiuiupiiuiQ iShj, lihGp quuiuiQuiQp y' 2 qnp&iulipg-5)niQl}gpuijp 
uipinuihuijinnLpjniQp. 

y'i(v') = -ri(v')v' 1-2-6 

lljdii tl (1.2 - 5)-nil uipOjUift O ul}qpQuil[hinp muipui&ujl}iuQ uinuiQgpuipiltipt lupdhpQbpp inhmunjiDpiil (1. 1 - 19)-nil 
inpipufr dunSuiQujl}p U imupui&mpjuiQ uinuiQgpujp4opp ninjiq dUuiqhnpinipjuiQ hunliuuuipniiiQtipp iShj U uijq huid 1 ujuujpnnSQtipp 
puiduiQhpiil ppuip djiui, lihQp quimuQiuQp v' huil}iurpupd huipuiphpiulpuQ lupiuqiupjuiQ lupuiuihuijuinipjniQp. 

v' = 4 = ^w 12 . 7 

t' 01 (v) 
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UjQiuhbinL (1.2 - 7)-p iSb$> intarpuqphpi^ (1.2 - 3)-ni[ npr^uifr Y 2 ( v ) c l n Pfr u ' 1 'l9P uipimuhuijuinipjniQp, iSbQp IpnniuQuiGp 
v' hiulpurpiipd huipuiphpiulpjjQ uipuiqiupjniGp uipiniuhiujinU 1 ui& v niqpq hiupuiphpuilpiiG uipuiqnipjuiiip. 



riO) 

iSi(v) 



(1.2 - 8)-pg iSbQp IpnniuQuiGp QuiU hhmlijuq uinGyupjiuGp. 

7l(v)v = -ySi(v)v' 

"bihuQimqhu (1.2 - 4)-p lihg uihquiqpbpiq' (1.2 - 6)-nq' npn2qMjj& y 2 (v') qnp&uiljgp uipiniuhiujinnLpjniGp, lihGp 
quuiiuGuiQp v niripq hiupiuptipuil}uiQ uipuiqnipjniQp iupuiuihuijim[iu& v' hiuqiuquipd hiupiuptipuil}uiQ uipiuqiupjiuiip. 



r'i(y') 

/J'i(v') 



(1.2- 10)-pg iSbQp IpnniuQuiGp QuiU hhuiUjuq lunGynpjmGp. 

y'i(v')v' = -/3i(v')v 
(1.2 - 3)-ni[ U (1.2 — 6)-ni[ npn2ipn<* / 2 -ti U y 2 -p uipuiuihuijuinipjniQQhpji uibnuinpbinil (1. 1 - 17)-ni[ inpipnfr jit 
qnpfriu qpg G hpp uipiniuhiujinmpjmGGhpp lihg, iSbQp IpnniuQuiGp hbinUjuiL uinGynpjnLQGhpp. 



Mv) = g-^n(v) 



j8i(v') - *-Vri(v') 



\ji5mGiuiuhu (1.2 - 3)-ni[ b (1.2 - 6)-ni[ npn2ipnfr ^'P ^ /^"P mpuiuihuijuinipjniGGbpp uihquiqpbpiq' (1. 1 - 18)-nL[ 
inpipnfr npn2p^Qhpp uipuiuihuijuinipjniGQhpp iShj, lihQp IpnniuQuiGp hhmhjuq uinGyiipjnLQGhpp. 



rf(v) = ri(v)[pi(v) + *^-ri(v)]*o 
«*V) = ri(v')[j9i(v') + *-^-ri(v')] * o 



lIjGnihhinU (1.2 - 13)-p iSh$> l^ppumhpul (1.2 - 9)-p U (1.2 - ll)-p uipinuihuijinnipjniGGhpp, lihQp npn2p^Qbpp huiihup 
IpnniuQuiGp QuiU hhinUjuq hunSuijunp uinGynpjnLGGhpp. 

«/(v) = ri(v)/Mv)(i-*-^) *« 



< 



^'(v')-7 , 1 (v')i3' 1 (v , )(l-g^) *0 



1.2-8 



1.2-9 



1.2-10 



1.2-11 



1.2-12 



1.2-13 



1.2-14 



f*uq (1.2 - 3)-m[ U (1.2 - 6)-ni[ npn2ihufr y 2 'P ^ ^2'P uipuiuihuijinnipjni.GGbpn uibnuiqpbinil QuiU (1. 1 - 19)-ml uipijuid 
huipuiphpuiquiG 2iupdiiuiQ mnjiq U huilpuquipd dUunpnpimpjniGGhpp iSh$> iJhGp quinuiGuiGp hhinbjuq hunluiuuipnuiGhpp. 



fliqpq dUunpnpinipjniGGhp 



ji(v)(x-vt) 



<uiquiquipd dUunpnpinipjniGGhp 

t= p\{v')t' + gy\{v')^ T x' 
c 

x = y\(v')(x' -v't') 



1.2-15 



M^iqbu QuiU (1.2 - 15)-p dbg qhpuinbpi4 (1.2 - 9)-p U (1.2 - ll)-p uipuiuihuijuinipjniQGhpp, iSbQp huipuiphpuilpuQ 
2iupdiSuiG mqpq U huiquiquipd dhunpnpinLpjniGGhpp huiiiiup quinuiGuiGp Guih hhmhjuiLhiinhuuuipnuSGhpp. 



Hiqhq dhuiq'inhinipjniGGhp 
t' = Pi(v)(t-g^x > ) 

*' = yiiy)(x-vt) 



4,uitpnquipd dhunhnhinLpjniQGhp 

* = j8'i(v')(*' " *-£*') 

x = 7i(v')(x' - vY) 



1.2-16 
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1.3 - ^uipuiphpuiljuiQriipjuiQ ^]iiSQuiri : ]inijp]i Oqtnuiqnp&nLiSii 

^uipuiphpuiquiQ GuipchSuiG 9Luiip.npjnipjuiG ^uii]uiuuipniiSGhp]i Uh^ 

<uipiuphpuilpiiQnipjuiQ hhiSQuiqpnijpp Ijhpuinhpii huuSuip QhQp iqhuip t oquiqMiQp (1.2 - 15)-nQ_ uipq\u& huipuiphpuiquiQ 
2Uipdi5uiQ mqpq h huilpuquipd dhuuhnpimpjuiQ huiq\uuuipnuSQhpIig: 

1 . K pGbpgpwi hwtlwljiupqlig, bwiSwjwbwG t wwhpG, huj^i/bGp K 1 pGbpgpwi hwrfwbwpqp GbwmiSwiSp 
hwGquuip iJpliwbniG qmGiJnq b /o bpbwpmpjmG niGbgnqp dnqp bpbwpmpjmGp: 

Uju qhujpmiS, iShq huuSuip hhuiuippppmpjnLQ QhpquijuigQnq uinuiQgpuipqMjpp IpuQhQuiQ hhinhjuq uipdhpQhpp. 

1.3-1 

x\ = h 

(1.2 - 15)-ni[ inpipiifr iniupiu&nipjiuQ mqpq dUunpnJunipjuiQ huiq\uuuipiSuiQ lihg uihquiqphpiq' (t\,xi) U {t 2 ,x 2 ) 
uinuiQgpuipQJjpp, iShQp IpnnuiQuiQp inuipuifruiquiQ x\ h x' 2 uinuiQgpuipqMjpp. 

x'i = ri(v)(*i -vti) 3 _ 2 

x' 2 = yi(y)(x2 - vt 2 ) 

lIjQmhhinh oqinqMjpiq' (1.3 - 2)-pg U (1.3 - l)-n\\ uipq\u& uinuiQgpuipilhpfi uipdhpQhppg, 111112411132 K' pdhpgpuq 
huuSiuquipqmiS uiQ2Uipd qinQiJnq dnqji hpquipmpjniQp, npp huiqMjJuuip iqhuip t th^t 1 /o-h- 

x' 2 -x\ = / = yi(v)[(x 2 -x,) -v(t 2 -t,)] = yi(v)Z 1.3-3 

K pQhpgpuq huiiiuil}iupqp inhuuiQhjniQhg uijq dnqp hpquipmpjuiQ h K 1 pQhpgpuq huiiiuilpupqnui huiQquinh 4p6uiqnLii 
qinQq'nq QmjQ dnnji hnquiniupjuiG huipuiphpnipjmQp iSfyin iqhuip t tpQii qpuiquiQ iSh&nipjmQ U hunSuiduijQ (1.3 - 3)-h, uijQ 
IpjiQp. 

■J- = — l — > 1.3-4 

»o ri(v) 

2. K' pGbpgpwi hwiSwbwpqpg, bwdwjwbwG t' wwhpG, Iiw2i/bGp K pGbpgpwi hwGwbwpqp GbwwtSwtSp 
hwGquuip iJfidwbmG qmGiJnq b GmjGwbu la bpbwpmpjmG niGbgnqp dnqp bpbwpmpjmGp: 

Uju qhiqpmiS, lihq huiiiuip hhinuippppnLpjniQ QhpquijuigQnq uinuiQgpuipqlipp IpiiQhQuiQ hhinhjuq uipdhpQhpp. 

1.3-5 




(1.2 - 15)-ni[ uipipiifr uiuipuifrmpjuiQ huilpuquipd dhun}inpinipjuiQ huiuMnuuipiSuiQ lihg uihquiqphpiq' (t\,x\) U (t' 2 ,x' 2 ) 
uinuiQgpuipq'tipp, iShQp IpiuiuiQuiQp uiuipui&uiquiQ X\ h x 2 uinuiQgpuipq'tipp. 

J xi = y\(v')(x\ -v't[) 
1 x 2 = y'i(y')(x' 2 -v't' 2 ) 



1.3-6 



lIjQmhhuih oquiq'tipiq' (1.3 - 6)-pg U (1.3 - 5)-n4 uipq^uift uinuiQgpuipilhpfi uipdhpOhpfig, hui2ilhGB K pQhpgpuq 
huiiSuiquipqnuS uiQ2Uipd quiQQ_nq dnqp hpquipnipjniQp, npp huiijuiuuip ujhuip t ihQt /o-h- 

X2 -x\ = /o = y\(y')[(x' 2 -xi) - v'(4 - 1[)] = y\{v')l' 1.3-7 

K' hQhpgJiun huuSuiquipqp uihuuiQqjmQfig uijq dnqfi hph.uipmpjuiQ h K hQhpgpuq hunSuih.uipqniiJ huiQquinh 4p6uiqnLiJ 
quiQQ_nq QmjQ dnnji hph.uipmpjuiQ huipuiphpnipjmQp iSJi2Ui ujhuip t iJiQh qpuiquiQ iSh&mpjmQ h hunSuiduijQ (1.3 - 7)-h, uijQ 
IpJiQh. 



12-82 



Upuj^uiip Injhpp ^uipuiphpiulpuG CuipdiiuiG ShumpjiuG 



/o 



rl(v') 



> o 



1.3-8 



■{uuJuiduijG (1 - P)-ni[ inpipufr hpiSQuiri.pnijpGtipp uinuigpG u^qpniOpp' huipuiphpiulpuGnLpjiuG uqqpiuQpp, K U K 1 
pGhpgpuq hiuiiuilpxipqhpp uihuuiGlijiuGpg ijpiniuplplui& U huiiiuiupuiniuu|muQiupuip (1.3 - 4)-nU 1 U (1.3 - 8)-niJ uipilui&, 
2Uipdi[nri U uiG2Uipd iSpUGnijG dni]p hplpupntpjiuGGtipp huipiuphpnipjmQQtipp, iqhinp t LpQhG GmjG JpmGljgpuiG, iSpuijG tip 
qhiqprmS uijQ ljuj]m[iU(J iqhuip t IpQp V mqpq huipuiphpiuquiG uipuiqnipjniQpg, pulj iSjnm qhuipnuT v' huilpuipxipd 
hiupiuphpuilpiiG lupiuqnipjniQpg, uijupGpG iqhuip t uihqp luGhQui hhuiUjuq uinGyiLpjiuGp. 



ri( v ') = 7i( v ') 



Piujg puiQp np, uiiihGuipGrpnuGnLp qhiqpnui, himSiuduijG (1.2 - 8)-p quid (1.2 - 10)-p, Iv'l * Ivl hhuiuuipuip. 

/i(v') * n(v) 



1.3-9 



1.3-10 



CGqq&nLd 1-5 - £wGp np IpuiSuijiulpuG uipuiqmpjwdp jwpdi/nq gwGlpuguid pGbpgpwi niuduilpupqp inhuwGljjmGpg 
2wpdi[nq dnqp U hwGqump dhp qmGdnq GmjG dnqp bphmpmpjmGGbpp hwpwphpmpjniGp jp Ipupnq ipGb[ pwgwuwuiuG 
GbdmpjmG, hbwbiupwp (1.3 - 4)-fi b (1.3 - 8)-/z, pG^iqbu Gmb (1.3 - 9)-p mpqjmGpGbppg hhwbniiS t np y 
qnp&wbpg-$>mGligpwG iSfeui iqbmp t IpGp qpwlpiiG dhdmpjniG: 



n(v) >o 
n(v') > o 



1.3-11 



3. K' pGbpgpwi hiuiSwlpiipqmiS, mwpwdmpjwG iSpbGmjG x' dwjpmd mbqp t niGbGnid dp pud hwjmGp b 
upupphpiupwp bpbGdnq upiimwhuip, npp apuppbpnipjwG inbnqmpjmGp to t: 4w2dbGp mjq iqwmwhwpp 
apuppbpmpjwG mbnqmpjniGp K pGbpgpwi hwdwlpiipqp whuiuGl]jmGpg: 



Uju qtuqpmd, dhq huidiup hhimuppppmpjniQ GtipquijuigGnn uinuiGgpuipqMjpp IpuGhGuiG hhinLjuq ujpdhpGapp. 

t' 2 - t\ = to > 
x 2 — x\ = 
ti-h = t 

(1.2 - 15)-ni[ inpipiifr duiduiGuiljp huilpiiiuupd 6UunpnJunipjuiG hiuqMuuujpduiG dag uiarpuqphpiq' (t[,x\) U (t' 2 ,x' 2 ) 
uiniuGgpujpq'hpp, daGp IpnnuiGuiGp dunSuiGuil}p t\ u t 2 iuniuGgpuipi[tipp. 

fi = P\(v')t[+gY[(v')\x\ 
c 

ti = P\(v')t2 + gY[(v')\x' 2 
c 

UjGiuhainU oquiqMjpiq' (1.3 - 13)-pg U (1.3 — 12)-nil uipOjUift lunuiGgpiupilhpp uipdhpGtippg, hu^qM^Gp uijq pjiq 1 huijuiGp 
iquiuiuihiupp unuppapiupjiuG inLnqiupjiuGp K pQhpgpuq huiduiquipqp uihuujGqjiuGpg. 

H-U =t= P\{v'){t' 2 -t\) + gy [(v')\(x 2 -x[) = P[(v')t„ 

c 

K pQhpgpuq huiduiquipqp uihuuiGhjnLGhg uijq rui[ huijuiGp upuinuihuipp upupphpnipjuiG uilinr^nipjuiG U K' pGhpgpui^ 

hunSiuquipqimS huiGquuip i[piSiuqnnS qinG^nq GmjG iquiimuhuipp iquipphpnipjiuG inUnqmpjuiG huipuiphpiupjiuGp, hunSuiduijG 

(1.3-14H, UUiQp. 



1.3-12 



1.3-13 



1.3-14 



fo 



1.3-15 
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4. K pGhpgpwi hwtfwljiupqniit, iniupw&mpjwG tlpLGmjG x dwjpmiS uibqp t niGbGnitS Gwpjnpq [iud hwjwGp 
L wwppbpwpwp hpbGUnq upuwwhwpp, npp wwppbpmpjwG mhnqmpjniGp to t: 4w2dbGp mjq wwmwhwpp 
upupphpmpjiuG mbnqmpjniGp K' pGhpgpwi hwdwhwpqp mbuwGhjmGpg: 



llju nhiqpniu', lihq huuiuip hDuiuippppnipjniG QhplpiijuigGnq uinuiGgpuipqMjpO IpiiGhGuiG htnnujuq uipdhpQhpp. 

ti-h = to > 

X2 — Xl =0 

t' 2 - t[ = t' 

(1.2 - 15)-ni[ uipipufr duiiSuiGuiljp mqpq duuiipnpimpjuiG huiipuuuipiSuiG lihg uiDquiqpQpiq' (fi.xi) U (t 2 ,x 2 ) 
lunujQgpuipilhpp, iShGp IpiuiuiGuiGp duiiSuiGuiljp t\ u t' 2 uinuiGgpuipiltipp. 

f, = Pi(y)ti+gri(y)-^-xi 
c 

t 2 = Pi(y)t 2 + gYi(y)^ : x2 
c 

Uj GmhQinU oqim[bpiLl (1.3 - 17)-pg U (1.3 — 16)-nil uipipu& uinuiGgpuipiltipp uipdhpOtippg, hu^GJjGp uijq put) huijuiQp 
iquiuiuihuipp upupphpnipjuiG inhnqnipjniGp K' pGhpgpuq huiiSuiUuipqDpp inhuiuQqjmQpg. 

t' 2 -t\ =t' = j8i(v)(»2-»i) = P\{v)U) 
K' pGhpgpuq huiiSuilpupqp inhuiuQqjniQpg uijn puij huijuiQp upuuiuihuipp upupphpnipjuiG inLnqnipjuiG h K pGhpgpui^ 
huiiSuilpupqniiS huiGquuih OJuSuilpiiiS qinGipiq GmjG upuuiuihuipp uiuipphpnipjuiQ inUnqnipjuiG huipuiphpnipjniGp, huiiSuiduijG 
(1.3-18)-h, ql hGh. 



1.3-16 



to 



- Pi(y) 



1.3-17 



1.3-18 



1.3-19 



\>nijGiqbu huiiiuiduijQ (1 -P)-ni[ uipipuft hhiiGuiqpnijpGhpp uinuijpQ ulpnpniQpp* huipuiptipuil}ui(inipjuiQ ul}qpniQpp, K 
h K' pGhpgpuq hiuiiiutpiipqhpp uihuuiGtjjniGhg qhinuiptphu& u huiiiuiupiiinuiupiiuGuipuip (1.3 - 15)-niJ U (1.3 - 19)-ru[ 
uipi[ui&, lipLGnijG huijuiGh iquiuiuihuipp upupphpnipjniGGhpp huipuiphpnipjniGGhpp, iqhuip t ihGbG GmjG 3>niGlpjhuiG, lihuijG 
lip qhuipmii uijQ l}uipiilui& ujhuip t iJiQp v ninjiq huipuiphpuilpiiG uipuiqnipjniQpg, Jiuq lijniu nhiqpniiT v' huilpuquipd 
huipuiphpuilpiiG uipuiqnipjniQpg, uijupQpQ iqhuip t uihqh niGhGui hhuihjuq uinGyiipjniGp. 



P'i(v') = Pi(v') 



Puijg puiQp np unStiliuipQqhuilinip nbiqpniiS, huiiiuiduijG (1.2 - 8)-h l}uuS (1.2 - 10)-p, Iv'l * Ivl hhuihuipuip. 

Pi(v') * J8i(v) 



1.3-20 



1.3-21 



Cuqq&nid 1 -6 - /? i qnp&whpg-$>niGhgpwjp G^wGp iSwupG wniujdU dbGp n^pG^ huimiih jqpwbGp: Ujq hwpgp 
GbppGwbwG wwmwupjwGp dbGp bumwGiuGp hhuiwqiujmiS: 1-pw hwdwp dbGp Ipupnq bGp hwumwmbi dfiwjG hbmhjwip. 



j8i(v)*0 
j8i(v')£0 



1.3-22 



lIjGnihhinU (1. 1 - 8)-nil uipipuft uinGyiipjuiG lihj lippuinhpiij (1.3 - 9)-p U (1.3 - 20)-p uipqjniQpQhpp, iSbQp IjuuiuiQuiGp 
hhuiUjuq uinQjiupjiuQp, npp huiiiuiduijQ (1.3 - ll)-p iip2Ui ujUuip t IpQp qpuiliuiQ lih&nipjniQ. 



Pi(v)Pi(v') = yi(v)y 1 (v')>0 



1.3-23 



Cun.q&nul 1-7 - (1.3 -23)-nrf inpGmd uinG^mpjmGp, hwrfhGuijG qbupi, iShq fimjmif t np bpb KUK pGbpgpwi 
hwilwhwpqhpp mbuwGhjniGpg hhwwqnwrfmrf t rfpbGmjG $pqpbwhwG hphnijpp, uiujiu ySi qnpdwupg-!pniGhgpwjp GjiuGp 
hphm pGhpgpwi hwtSwhwpqhpmi! t[ iqhinp t IpGp GmjGp ' IpiiiS qpwbwG b buitS t[ piugmumbwG: 
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Ujchi oquiqMimq' huilpxiquipd uipuiqnipjuiQ (1.2 - 8)-m[ inpipiicJ puiQuidhhg U (1.3 - 23)-nq' uip^uift uinQyupjniQpg, QhQp 
Ipjjpnq hQp gmjg inuqnp v' huilpjiquipd uipuiqnipjuiQ huiquiquipd uipuiqmpjniQp qui QmjQ v mqpq uipuiqmpjniQQ t, 
uiQquipi uijQ puiQpg dhuiqinhimpjmQp qpuiquiQ t ph puiguiuuilpiiQ: 



(V') -v 



(1.2 - 10)-p lihg Ijppuinhmq' (1.3 - 9)-p h (1.3 - 20)-p uipqjmQpQhpp, QhQp niqpq huipuiphpuilpiiQ uipuiqnipjuiQ huiiiuip 
quuiuiQuiQp hhuihjuq uinQyiipjmQp. 

J3i(v') 
(1.3 - 25)-pg iShQp IminuiQuiQp Quih hhuihjuq uinQyiipjmQp. 

Yi(v')v' = ~P\{v')v 
(1.2 - 6)-p U (1.2 - 12)-p iShj qppujnhpi^ (1.3 - 9)-p uipqjniQpp, iShQp l}huiiinq4bQp np jit h Y 2 hiuiquupip h uiQhiuiq 
qnpdui qpg Qhpp iqhinp t LpQhQ QmjQ IpmQlighuiQ, iShuijQ tip qhiqpniii uijQ quihiq\u& iqhinp t ihQh v mqhq huipuiphpuilpiiQ 
uipuiqmpjniQ[ig, puq iSjmu qtuqpmiT v' huiquiquipd hiupuiphpuiquiQ uipuiqmpjniQJig, uijufiQpQ uihqh niQh hhinhjuqp. 

y'i(v') = Yi(v') = -ri(v')v' 

j8' 2 (v') - j8 2 (v') = gri(v')4 
c 

UjQmhhinh (1.2 - 13)-nil uipijuift npn2pjQhpp iSh$> Ijhpumhmil (1.3 - 9)-h h (1.3 - 20)-h uipqjmQpQhpp QhQp IminuiQuiQp 
hhuihjuq uinQyiipjmQQhpp. 

rf(v) = ri(v)[^i(v) + m(v)^-]*o 

rf'(v , ) = ri(v , )[j8i(v') + gr.(v , )^ 2 i ]*o 

(1.3 - 28)-pg hhuihmiS t np npn2pj-J>niQh.ghuiQhpp huuSuip uihnp niQh hhuihjuqp qSniQlpghnQuq uinQyiipjmQp. 



rf'(v') = rf(v') 



<hinhuipuip (1.1- 7)-m[ uipipiifr uinQyiipjmQp l}qp4p hhuihjuq Iphpiq. 



d(v)d(v') = 1 



f»ul} (1.2 - 14)-m[ uipihiifr npn2p^Qhpp lihj QmjQiqhu qhpuinhmi[ (1.3 - 9)-h h (1.3 - 20)-h uipqjmQpQhpp, pQjujhu Quih 
(1.3- 29)-p, QhQp dhuiipnhimpjuiQ npn2p^Qhpp huiiiuip IminuiQuiQp Quih hhmhjuq uinQyiipjmQGhpp. 



< 



«*(v) = 7i(v)j9i(v)(l -*-*£) *0 

rf(v , ) = n(v , )^i(v')(i-g^r)* 



(1. 1 - 4)-m[ inpipiifr hun[uiuuipmiiQhpp huuSuilpupqhpp uinuijpQ huu[uiuuipniiiQhpp iSh$> U_ppuinhmi[ (1.3 - 9)-p h 
(1.3 - 20)-h uipqjmQpQhpp, pQ^ujhu Quih (1.3 - 28)-p h (1.3 - 31)-p uinuijpQ huiq'uiuuipnuSQhpp, lihQp IpiuuuQuiQp hhmhjuq 
hplpii uinQyiipjmQQhpp. 

/i(v) 



/W) 



n(v') = 



«*(v) 



/Si(v) 



1 

/»i(v) + «n(v)-4 



ySi(v) 



1 



0i(v) 



0-^) 



rf(v) n(v)[j8i(v) + «n(v)-^-] n(v)(i-g^) 



f»ul} (1. 1 - 6)-m[ inpipiifr huu[uiuuipmiiQhpp huuSuilpiipqhpp uinuijpQ huu[uiuuipmiiQhpp iSh$> QmjQiqhu lippuinhmq 1 
(1.3-9)-h, (1.3-20)-lih (1.3 -29)-h uipqjmQpQhpp, pQ^qhu Quih (1.3 - 28)-h U (1.3 - 31)-p hplmnpq huu[uiuuipmuQhpp, 
QhQp IjuuiuiQuiQp hhmhjuq hplpu uinQ^mpjmQQhpp. 



1.3-24 



1.3-25 



1.3-26 



1.3-27 



1.3-28 



1.3-29 



1.3-30 



1.3-31 



1.3-32 
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0i(v) 



7iO) = 



1 



1 



ri( v ') = 

d{V) /»i(v') + «ri(v')-^- /»i(v')(i-*-^-) 

J8i(v') jSi(v') i 



1.3-33 



d(v ' } n(v')[pi(v') + «n(v')-^-] r.(v')(i-g^) 

<p2hl_nil (1.3 - 23)-p, iShQp (1.3 - 32)-pg Ipuii (1.3 - 33)-pg lpupni\ hQp uuiuiQunhhuiUjunhujiiuj^unp uinQynpjniQp. 



n(v)ri(v , ) = /Ji(v)/Ji(v , ) = 



Pi(y) 



01 (v') 



l 



PiOO + mOO-V j8i(v') + m(v')-^ 



> o 



l_ g : 



1.3-34 



■EuiGp np, huniuiduijG (1.3 - ll)-p, yj(v') U /j(v) qnp&iulipgQhpp iSp2in qpiulpud iShdnipjiuG dG, hhuiUiupiup 
(1.3 - 32)-p U (1.3 - 33)-p uinuigpQ huii[iuuuipniii(itippg hhuilinid t np ySi(v') U /?i(v) qnp&iul}pgQhpp Q2iuQp ljuj]m[iu& t 
CipuijG J(v) U <i(v') npn2pjQhpp Q2iuQpg lipiujQ: <p2hpiil QiuU (1. 1 - 20)-p, lihGp lyiuilpuQ U piuguiuiulpuG 
dUujipn[unipjniQQtipp Ipupnq hGp uiuMuiGql QiuU hQinLjuiL qhpu}. 



^piulpuG dUuiipnhinipjniQQhp 

r Piw>o 

1 0i(v')>O 



PuiguiuuiljuiQ dUuiihnJunipjniQQhp 

f ySiW<0 
1 J8i(v')<0 



1.3-35 



OquiqMipiq' (1.3 - ll)-pg U (1.3 - 35)-niJ uipqMjjft qpiulpuG U piuguiuiulpuG dUunpnJunLpjniQQhpp ntnqpnul /?i 
5>niQl}gpui-qnp&uiligp Q2UiQQhppg, pGjiqhu QiuU oqinq , hpii[ (1.2 - 8)-ni[ inpipufr hiulpurpupd hiupiuphpuilpiiG uipiuqnipjujG 
piuQuidlipg, iSUGp l}iupni\ hGp lpirpSGnpn24til mjil uipuiqnipjuiG Q2iuQp hiupgniiS Uu hhuiUjun IjUnuj. 



f l-piulpuQ dhuiipntunipjniGGDp 



PuiguiuuiljuiQ dUuiq*inJunLpjmQQhp 



PlOO 



v < 






v > 



1.3-36 



CQiiq&nnI 1-8 - (1.3 -36) -fig hhuibmiS t np qpiubwG dbwipnpjmpjmGGbpp qbiqpmit hiubwqwpd wpwqmpjniGp 
qmnGnni t hwbwqpp lupwqmpjmG, fiub pwgwuwbwG dbwipnpjmpjwG qbajpniii hiubwqwpd wpwqmpjmGn bmGbGw mqpq 
wpwqmpjwG niqqmpjniGp: O-pw hwiSwp v' hwpwpbpwbwG wpwqmpjniGp iSbGp ilfein bwGGwGGGp 
hwbwqwpd lupwqmpjmG b ?hGp oqmwqnpfrp hwbwqpp lupwqmpjmG wpmwhwjmmpjmGp, bpb tfi uiuGmii iSbb wji pmG: 
UjuwpuniJ GbGp iSp2in bwbGwpbbGp pwgwuwlpuG dbwipnpjmpjmGGbpp qnjmpjwG ppwGmGpp: 

Upqp Ippqplpujnui lihQp iSfyin oquiuiqnp&nuS hQp rpnulpuG dUuiipnJunLpjnLQQtipp U ijpiuQgpg uinuig qMuft lupnjnLGpGtipp, 
puiguinmpjuiiip npn2 nhiqphpp hpp iuQhpuidh2uinipjniQ t qqiugq'rmS qppuintu puiguiuuilpiiG dUunpnJunipjniQQhpp, pQ^iqhu 
oppQiuli iniupiufriulpuG hiujhpiijpQ uiGrunurpupdiSiuG nhiqpnui: 



Ujchi IpxnniupoGp Qnp Q2uiQuiljniiSQhp: £uiQp np, huniuiduijG (1.2 - 3)-p, (1.2 - 12)-p U (1.3 - 27)-p, pnpip / 2 (v), 
y' 2 (v'), Pi(v) U P^iy') qnp&iuqpgGDpp l}iuju0 1 ui& qG lipuijQ y,(v) U /j(v') qnpfriuqpg G hppg , pG^iqQu QiuU hiuiiuidujjQ 
(1.3 - 9)-p U (1.3 - 20)-p p\ U y\ 5>niQl}gpiuQtipp QmjQ /?i U y 5>niQl}gpiuQtipQ hQ, uiupu huiQmQ iquipqiiipjuiQ U 
qhrpuqpiniuquiQ huiiSnijpp, iShQp hhuiUjun qnp&iul}pg-4)niQqgpujQtipp lihg puig qpnqQhQp uuinppQ gmgp^Qhpp. 



Pd )=>J8( 

/i( ) => r( 



) 



1.3-37 



UjQmhhinU lippuinhpiq' dhp (1.3 - 9)^4 U (1.3 - 20)-ni[ uuiuigui& lupqjniQpQtipp (1.2 - 15)-p iSq$>, pQjiqhu QiuU oqinLjtil 111 ! 
(1.3 - 37)-ni[ inpi[iU(J iSbp Qnp Q2UiQuiqnnSQhppg, lihQp hiupiuphpuilpuQ 2iupdiiujQ mn]ir[ U huiquiquipd dUuiq^ntunLpjniQQtipp 
hunSiup quinujQuiQp hDmUjuiLhuiqMjiuuipnuSGhpp huiiiuil}iupqp. 
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Hiqpq dhuiipnpinipjniGGhp 4,uitpnquip<i dhuiipnpinipjniQGhp 

f t> = P(v)t + gy(v)-^-x J t = P(y')t' + gY(y')^ r x' 

I *' = 7(y)(x-vt) x = y(y')(x' -v't') 



1.3-38 



\ji5uiuuiiqhu llppuinhmi[ iShp (1.3 - 9)-ni[ h (1.3 - 20)-rul uuiuiguifr uipqjniGpGhpp (1.2 - 16)-p dhj, pG^iqhu GuiL 
GmjGiqbu oqinqMimil (1.3 - 37)-niJ uipihii& lihp Qnp G2 UJ G UJ 4 nu 5G D Pl 1 9i iShGp huipuiphpuilpiiG 2uipdiSuiG niqpq U huilpiiquipd 
dumipnpinipjnililihpp huiiSuip IpiuiuiQuiGp Guih hhuihjuq huiipiiuuipnuilihpp huiiSuilpiipqp. 

fliqpq dhuiipnpinipjniGGhp 4,uilpiiquipd dhuiipnpinipjniGGhp 

*' = />(v)(t -*-£*) u f t = /}(v')(t' - g-^x'^j 1.3-39 

x' = y(y)(x- vt) I x = y(y'){x' - v't') 

<p2hgGhGp np iShGp qhn iqhuip t npn2hGp y8 h y qnp&wljpg-IJmiGljgpuiGhpp, pG^iqhu GuiU v' U v huipuiphpuilpiiG 
uipuiqnipjniGGhpp lipgU hqui& uinGyiipjniGp: 



1.4 - ^uiuuiuiuiniQ lIfiuiqnipjniGGb]i]i Q-niiSuijiiSuiQ U ^uiGiJuiG PuiQuidUhpii 

bGpuiqphGp uipihii& hG hphp K, K' U K" pGhpgpuq huiiiuilpiipqhpp, npuihq K' pGhpgpiiq huiiSuilpiipqp K pGhpgpuq 
hunSiuqujpqp QquiimSuuSp 2iupdi[niii t v hwuuiuiuiniG uipuiqnipjuiiip, pulj K" pGhpgpuq huiiiuilpiipqp K 1 pGhpgpuq 
huiiSuilpiipqp GlpjiuiiSuiu'p 2uipdipiiu' t u huiuuiuiuiniG uipuiqnipjuiiip U K pGhpgpuq huiiiuilpiipqp Glpiiuiiiuiiip 2uipdipiiu' t w 
huiuuiuiuiniG uipuiqnipjuiiip: 

CQqq&md 1 -9 - imiiSuijiulpuG uipuiqmpjwrfp jiupdi/nij ip.npdGuibiuG duiuGJibp wpwqnipjmGp (mju piudGmiS K" 
JiGbpgjiwi hiuiSwlpiipqli huiuuiuiuiniG wpwqmpjniGp) K' L K fiGbpgliwi huiGuibuipqbpfi GbuimiSuiiSp, unilnpwpwp 
G^uiGuibi/niG t huiGuiu/uiuiuiufuuiGuipuip u' h u uiuinuiG^uiGGbpnu': fiuijg GbGp qbpuiijuiubgfiGp npuiGg i/infuuipbG 
oqmwqnpdbi huiGuiujuiuiuiupjuiGuipuip u L w mwnbpp, [iub GmjG muinbpji ]uuiquiG2q'uid miunbpp q'bpuiuiuihbinq' uijij 
huiGuiujuimuiuJuuiG uipuiqnipjmGGbpJi hwhiuipupd wpwqmpjwG G^uiGuiljGuiG hwiSwp: 

f l-pimupqhQp K" pGhpgpuq huiiSuilpiipqp uljqpGuilpjinp 2uipdnuip, npp GmjGu[hu K' pGhpgpuq huiiSuilpiipqp GlpiiuiiSuiiSp 
2UipdUnui t u huiuuiuiuiniG uipuiqnipjuiiip h K pGhpgpuq huiiSuilpiipqp GlpuiniSuiiSp* w huiuinuiinniG uipuiqnipjuiiSp: 
lIjGnihhinL qpuiGghGp K" hGhpgpuiL huiiSuilpiipqp uljqpGiiiljhinp 2uipdniiSp duiiiujQuiqp hpbni uiuipphp upuhhpp huiiSuip: 
UlpqpGuiljhinp 2uapdiiuiQ duiiSuiGuilpiiinuipuifruijpG uinuiGgpuipilhpp inuipphpnipjniQp, uijq hpqm uiuipphp 
ujuihhpp-ujuiuiuihuipQhpp lipgh, K' h K pQhpgpuq hunSuiliuipqhpnuS IjniQhQuiQ hhuihjuq uipdhpQhpp. 

K ! pQhpgpuq huiiiuil}uipqniii K pQhpgpuq huiiiuil}uipqniii 

h-h=t 1-4-1 

X2 — X] — X = Wt 

Uhp hui2ilmii(ihpp l}uiuiuiphpii huiiiuip lihQp oquiijhpii hQp (1.4 - l)-ni[ uipi[ui& Q2UiQuil}niii(ihppg U (1.3 - 38)-nL[ uipi[ui& 
huipuiphpuil}uiQ 2uipdiiuiQ niqpq h huilpiiquipd dUuiipnhinipjuiQ huii[uiuuipniiiQhppg: 

♦ Oqim/hGp mppp dhmifrnJumpjuiG hwrfiumupmiSGhplig 
Q-phQp (1.3 - 38)-ni[ uipi[ui& mqpq dhuiipnpinipjuiQ huiihiiuuipnuSGhpp uijq hpl}m uiuipphp ujuiuiuihuipQhpp huiiSuip. 

P(v)t 2 + gy{v)^X2 f t\ = p(v) tl + g7 (v)^x l 

c U < c 1.4-2 





17-82 



4,iujlpulpiiQ -iuipiuphpiulpxiQnipjiuQ ^uiinnilj ShunipjmQ 



OquiU 1 hpiU 1 (1.4 - 2)-niJ inpU^uS iujij hplpu upuiniuhiupQhpp uiniuQgpiupilhpp ninjiq 6hiui|intunipjiuQ huiipiiuuipnuSGtippg, 
huyilhQp npiuQg lipgU diuuiuQiuljp inhnrpupjniQp h hhnuu[npnipjniQp hhinujun Iphpup 



p(v)(t 2 



t,) + gr(v)-^-( X2 



-*0 



1.4-3 



x' 2 -x\ = y(v)[(X2 -X\) -v{ti - ?i)] 



lIjQnihhinL (1.4 - 3)-p uh$> inhrpunphpu[ (1.4 - l)-ni[ inpipiifr hplpu upuiniuhiupQhpp inhnrpupjiuQ U hhnunpipnipjiuQ 
uipdhpQhpp, uhQp IpnniuQiuQp. 



t' = [p(v) + gr (v)^-]t 

ut' = y{v){w - v)t 



1.4-4 



f'piup i)puj piudiuQhpiil (1.4 - 4)-p hplipnpn U uiniujpQ hiuihiJuiupniuQhpp uhQp IpnniuQiuQp hiuuuiiuuiniQ 
uipiuqnipjniQQhpp hiuQiiiuQ piuQuidhp. 



y(v)(w-v) 



1.4-5 



♦ Oquii[bGp hmbwiiwpd dbwipnpjmpjwG huidwuwpmiSGbppg 
IphQp (1.3 - 38)-nil inpipii& huil}iurpup6 dhuupnpinipjiuQ huuliuuiupmuQhpp uijn QmjQ hplpu upuiniuhiupQhpp huuiiup. 

ti = P(y')t' 2 + gr(v') -4-4 [ f i = P(y')t\ + gr(v') -^-*i 

c- U < c 

x 2 = r(y')(x' 2 -v't' 2 ) I xi = r(v')(^i -v'f'j) 

Oquulhpul (1.4 - 6)-ni[ mpi[iu& iujij hplpu upuiniuhiupQhpp uiniuQgpiupilhpp hiulpuruupd dliiuipnJunipjiuQ 
huuliuuuipniuQhppg, huyilhQp npiuQg lipgh diuuiuQiul}p inluirpupjniQp h hhniuilnpnipjniGp hhinhjuiL Iphpu}. 

t 2 -h = P(v')(t' 2 -t\) + g Y (v')\(x' 2 -x[) 

c 

x 2 -xi = y(y')[(x 2 - x\) - v' (t' 2 - t\)] 

UjQnihhinh (1.4 - 7)-p uh$> inhrpunphpul (1.4 - l)-ni[ inpipiifr hplpu upuiniuhiupQhpp inhnrpupjiuQ U hhnuulnpnipjiuQ 
uipdhpQhpp, uhQp IpnniuQiuQp. 

t = [p(v')+ gY (v')^y 

wt = y{v'){u - v')t' 

f>piup i)piu piudiuQhpiil (1.4 - 8)-p hplpinpq U uiniujliQ huuliuuiupmuQhpp uhQp IminiuQiuQp hiuuuiiuinmQ 
uipiuqnipjniQQhpp qnuiiupuiuQ piuQiufihp. 



y{v')(u-v') 



bph uhQp hiupiuphpiulpuQ uipiuqnipjniQQhpp qnuiiupuiuQ U hiuQiiiuQ qnpdnrpupjniQQhpp Q2iuqphQp hhinhjuiL Ijhpiu. 



W = U iff V 

u — w Q v 



1.4-6 



1.4-7 



1.4-8 



1.4-9 



1.4-10 



llupu (1.4 - 5)-ni[ h (1.4 - 9)-ni[ inpipxifr huiumuunniQ uipiuqmpjmQQhpp tuuQuiuQ U qnuiiupuiuQ piuQui&hhpp qphpul 
uJuuufiQ h oqinuiqnpdhpul (1.4 - 10)-nil inpiliu& Q2iuqpniiSQhpp, uhQp IpnniuQiuQp. 



u - w Q v = 



y(v)(w- v) 

PW + gYiv)^ 
c 



W = U © V = 



y(v')(u-v') 



1.4-11 
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1.5 - kuiiSuijuiljuiQ U]iuiqnipjniQQh]i]i Q-niiSuipiSuiQ U ^uiQiJuiQ PuiQuidUhpii 



Ujdii tl hdpuiqphQp np ipnpdQuilpuQ duiuQplpi iSpui^iuip iniupiu&nipjiuQ ilhg 2uip<}ilniiS t IpuiJuijuiquiQ uipuiqmpjimSp U 
uijq ipnpdQiuljujQ iSuiuQplip uil}QpuippuijpQ uipuiqnipjniQQhpp K' U K pQhpgpuiL hiuiSiulpjjpqtipnuS iSUQp QnijQujbu 
qQ2UiQuit[hGp huiiiuiiquiinuiuJuuiQuipuip u U w iniunhpnil U ijpuiGg lih&nipjmQQhpp IpipryqMjQ hhinUjun qhpu}. 

&- = u 
dt 

df = w 
dt 

'l-p^JphphQghpiq' (1.3 - 38)-ni[ uipilui& huilpurpiipd dUunpnJunipjiuQ huiqMjjuiupiuiSGtipp puin t' dunJiuGuiqp U uijGuihq 

inhrpuiiptipiil f -=2j- J-p uipdhpp (1.5 - l)-pg, iShGp IpnnuiGujGp. 



1.5-1 



dt 
dt' 

dx 
dt' 



«v') + *r(v')-*f 

c 
y(y')(u-v') 



1.5-2 



(1.5 - 2)-p hplipnpij hiui[iuuiupniiip piudiuGhpiil uinuigpQ hiuipxiuuipiiuiG djiui iShGp IjuinuiGuiQp uijq ipnpdQuilpuQ 
iSiuuQpqp iul}QpuippuijpQ uipuiqmpjiuGp K pGhpgpuiL himSuiquipqp Q quiunSuuSp , iupuiuihuijuii[iu& v' U u 
uipuiqnipjmQQhpni[, npQ X.\ hhQg hiuGijpuuiGnuS t hplpu u U v lupiuqnipjniGGhpp qnuSiupiiiuG piuQuidUp. 



dx 
dt 



r(v')(«- v') 
P(y') + gr(y') 



1.5-3 



V II 

,.2 



XiihuGuiiqhu qp^hphGghpiil (1.3 - 38)-ni[ inpipufr mripq dloudintunipjuiG hiui[iuuiupniiiQtipp puin t dunJuiQuiqp U 
uijGuihq uihrpuqphpiq' I ^j- J-p uipdhpp (1.5 - l)-pg, iSbQp IjuinuiQujQp. 

dt' 



— = i 3(v) + gr (v)^ 



1.5-4 



dx' 
dt 



r(v)(w-v) 



(1.5 - 4)-p hpljpnpri. hiui[iuuuipniiip piudiuQhpiil umuigpG himpiiuuipiiuiG djiui iSUGp IpiinuiGuiQp QmjQ ipnpdQuilpuQ 
uuiuQpqp uiljQpuippuijpQ ujpuiqiupjiuGp K' pGtipgpuiL huiuuilpxipqp Glpuiniiuiup, uipinuihuijinU 1 ui& v U w 
uipuiqmpjiuGQGpnil, npQ t^ hhQg huiQnpuuiGnuS t hplpu w U v ujpuiqnipjniQQhpp huiQiiuiQ piuGuidLp. 



dt' 



y(v)(w-v) 
vw 

,.2 



j3(v) + £y(v) 



1.5-5 



(1.5 - 3)-ni[ U (1.5 - 5)-ni[ inpipufr hplpu uipuiqiupjiuQQhpp huiQuuiQ U qiuiiuipuuiQ puiQuidhhpp qphpiq 1 lipuiupQ U 
oqinuiqnpdhpiq' (1.4 - lOJ-nq 1 uipdjUift G2UiqpiuuGhpp, lihGp quuuuGuiQp. 



u — w Q v = 



7(v)(w-v) 
c 



W = U © V = 



/(v'JtM-V 1 ) 

0(v') + sr(v')^ 



1.5-6 



CQqq&nnI 1-10 - UbGp wbuGmd hGp np (1.5 - 6)-ni/ mpdiud IjiuifwjuiljujG wpiuqnipjmGGbpfi hmMiuG h qmiSuipdwG 
pwGwdlihpn d2qppin l/bpu/nd hujrfpGl/Gmrf bG (1.4 - ll)-nd inpdwd hwumwmmG wpwqmpjmGGbpp hwGdiuG h qmilwpdiuG 
pmGwdbbpp hbui: ■(hwhwpiup wpwqmpjmGGbpp hwGilwG b qmdwpdwG pwGwdbbpp Gwfudwfr jbG wjG pwGpg pb wjn 
wpwqmpjmGGbpp hwumwmmG bG pb ijpwGp mGbG bwdwjwbwG whGpwppwjpG pGmjp: UjGwbu np wjn pwGwdbbpp tfp/w 
bG b pGbpgpwi hwdwbwpqbpp ppwp Gbwwdwdp mGbgwd hwpwpbpwhwG wpwqmpjmGGbpp hwdwp, b ipnpdGwbwG 
dwuGpup bwdwjwbwG ^wpddwG wpwqmpjmGGbpp hwdwp: 
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(1.5 - 6)-p lihg luniujpQ huiqMjiuuipiuup pufrhpiq' puin w uipuiqmpjuiQ U hpljpnpri. himhuuuipnLiip pii&hpii[ puui u 
uipuiqmpjuiQ, iShQp uiqQpuippuijpQ lupiuqnipjiuQQtipp qnuSuipiiuiG U hiuQiSuiQ huiiiuip IpiiniuQiuGp QuiU hhuiUjunpiuQuidlihpp. 



w = u kB V 



U = W fcj V 



P(v)u + y(v)v 

r(v)(i-*-p-) 

P(v')w + y(v')v' 
7(v')(l-g^f) 



1.5-7 



Ujchi lipiuupQ qphQp (1.5 - 2)-p L (1.5 - 4)-p iSpiujG umuigpG himhuuuipnuiGtipp. 



dt 
dt' 

dt' 
dt 



P(v') + gf(v')- 



= P(y) + gy(y)- 



1.5-8 



llj QnihhuiU (1.5 - 8)-p uinuigpG himhiiuuipiiuiG iSh$> qppuinhpii[ (1.3 - 26)-p U hpqpnpq huiq'uiuuipiSuiQ lihg IjppuinQpiq' 
(1.2-9)-p, lihQp UuuiuiQuiGp GuiL htunLjuiL puiGiudLhpp. 



dt' 

dt' 
dt 



P(v')(l-g^) 



1.5-9 



= j8(v) 



f*piup hhin puiqiSiuunuuiUhpiiJ (1.5 - 8)-ni[ inpipufr himhuuuipnuiGtipp hiuiSiuUuipqp uinuigpQ U hpqpnpq 
himhiiuuipnuiGtipp, iSUGp IpnnuiGuiGp hhinUjuiL uinGyupjniGp. 



[i?(v') + gr(v , )^r][i3(v) + gr(v)^ L ] 



l 



\>i5uiGuiiuhu ppuip hbm piuqiiuiupuinlphpiq' (1.5 - 9)-ml uipU_uj& huiqMjjuuipmu'Gtipp huiiiujlpiipqp uiniujpG U hpljpnpn 
hiui[iuuiupniii(ihpp, iSUGp IpnnuiGuiQp QuiU hhuiUjun uinGyupjiuGp. 



/3(v)/5(v')(w-p-)(l-^) 



= 1 



1 4.hphp2tipiq' (1.3 -23)-p, iShGp (1.5 - ll)-pg IpnnuiGuiGp htunLjuiL umGyupjniGp. 



P(v)P(v') = r(v)r(v') = 



i 



0-^)0-^) 



> 



1.5-10 



1.5-11 



1.5-12 



t>piup hhin himStuSimntipiq' (1.3 - 34)-nq' U (1.5 - 12)-n4 uip4ui& lunQyupjiuGGhpp iShQp IpnnuiQuiGp hhinLjiUL qhnhgpli 
uinGyupjniGp, npp ppiup hhin t quiiqmii hplpu iniupphp pGhpgpuiL huiiiuilpupqtipp Qlpuiniiuiiip IpuiSiujuilpxiG 2uipd4 nr l 
ipnpdGiulpiiG liuiuGpljp u U w uipuiqiupjiuGGUpp U GmjG pGhpgpuiL himSiuUuipqtipp ppuip Ql}iuiniiuiiipniQhgui& v U v' 
mnjiri U hiuquiqpp huipiuphpuiUuiG uipiuqnLpjiuGQhpp hhui: 



0-^)0-^) 



1 



1.5-13 



CGiiq&nuI 1 -1 1 - bpb dbGp nGqniGbGp np ipnpdGwl]wG iSmuGpl]p K' pGbpgpwi hwiSiubwpqp GlpumiSwiSp qinGi[miS t 
wG^iupd UptiwhmiS, wjupGpG u = 0, uiujui pGwlpuGwpmp wjG K pGbpgpwi hwdwbwpqp Gl/wwdwiip 2iupddmG t W = v 
huiuinwinniG wpwqmpjwdp b hbuiLwpwp (1.5 - 12) -nd mpdiud pwGwdhn qwnGmiS t (1.3 — 34) -nd inpdiud pwGwdhn, pub 
(1.5- 13) -nil wpi/wfr pwGwdbn niunGmtS t GmjGmpjmG: 
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1.6 - ^uignjiri.uiliuiQ 9Uuii|intunipjniQQh]i]i kfi]iuinnii5ii 

£uiQp np, huniuiduijG (pQqq&miS 1-2)-p, huquuphpiulnuGnLpjuiQ hujuimq uihunipjuiG iSq$> ppiup Glpxnniiunip 
hiupiuphpujl}iuQ 2uipdiiuiG iSq$> qinGU_nq fiGhpgpuq huuSuiqiupqapp uiniuQgpuipilhpp duunjinpinipjuiG hiui[iuuiupniiiQhpp puin 
duuSuiQuiljp U uiuipui&mpjuiG ujauip t iJiQhQ qfriujpG hQ, hhuiUiupiup qpuiQp iqhing t puiiJuipuiphQ qduijpG dLuiipntunipjuiG 
pnpip hpiSGuilpuG ophQpQhppQ: 4uniuiduijG qdiujpG dLuupntumpjuiG uiiihGuihpiSGuiliuiG opuQpp huipuipapujlpiiQ 2 UJnc W m Q 
hiusmpquilpxiQ q&uijpG dUunpnJunipjniGGhpp umiujujgQnuS hG iSp Gnp QiSuiGunnpiq q&uijpG dliUiipnpmLpjmQ: 

flpujQuqp dhGp uiupugnighGp np (1.3 - 38)-niJ uipipuft huipiuphpuiquiG 2uipdiSuiQ dUunpnJunipjuiG huupuuujpniiSuQpp 
puidjupiupmiS hG qdiujpG dUuiGin[unipjniGGhpp uidhGiuhpiSGuiquiG ophGppG, uiupii qpui huuSuip quiimuphQp hiusmpqiulpiiQ 
dliiuGintunipjniGGhp U upuhuiGjhGp np uuiuigipiifr uipqjmGuipuip dUuiGintunipjniGp Gmjuiquu l]iQp Qmj Guunfiu] 
dLuupnpmipjniQ, uijupGpG ujjQ niQhGui GnijG inhupp: llju fiuiGuuuuiphml iSuGp l}l}iupnquiQuiQp npn2tq iSQiugiud uiQhuijui 
qnpduiqpgGapp uipinuihiujinnipjniQQhpp quid uijq qnp&uiqpg Qhpp iSpgli qnjmpjniG mGugnq uinGyupjniGGapp: 

bGpmqpuGp np uqupxifr hG hpap K, K' u K" JiGhpgpuq huuSiulnupqapp, npinuq, huiiiuiduijQ (pGqqdmiS 1-9)-p, K' 
pGupgpuq huniuilpxipqp K pQhpgpuq huiiSuiquipqp GquiunSuuSp 2iupdO l mii t v huiuuiuiuiniQ uipuiqmpjuiiip, puq K" 
pGupgpuq huiiiuiljuipqp K 1 pGupgpuq hiuiiujl}uipqp Ql}unniiujiip 2uqidipuiS t u huiuinuunmG uipuaqnipjunSp u K pGhpgpuq 
hunSuiqiupqp QqiuunSunSp 2uipdd l nui t W huiuuiuiuiniQ uipuaqnipjunSp: 

Ujdii oquiq'hpiil (1.3 - 38)-niJ uipipuft huqnupupuiqujG 2uipdiSuiG dUuiqhnJunipjuiQ huupuuujpnuSGuppg, qphGp q ,a P nn t2J ua L 
hphp pGupgpuq huniuilpiipqupp mqpq U luulpiiquipd dUuiqhnJunipjuiQ huupuuuqiniiSGupp iSpiSjuiGg QquiuuSuuS huinujuq qtqnq. 



♦ PLwipnfunipjLuG hmiliuuiupnidGhpp K' L K pGhpgpwi hwiSiubwpqhpp iSppb 

Hiqpq dUuiq^inJunipjniQQhp 4,uiquiquipd dliUiq^nJunipjniQQhp 






y(v)(x-vt) 



t= P(v')t' + gy(v')\x' 
c 

x = y(y')(x' - v't') 



1.6-1 



♦ OhmipnpjnipjwG hwilwuwpmiSGhpp K" b K' pGhpgpwi hwUwhwpqhpp itpph 

Htqpq dliUiqhnJunipjniQQhp ^uilpuqujpd dUuiipnpinipjniQQhp 

/ = P(u)t' + gy(u)-^-x' | t' = P(u')t" +gy{u')\x" 



y(u)(x' - ut') 



x' = y{u')(x" — u't") 



1.6-2 



♦ £>kwipnpjmpjiuG hwilwuwpmiSGhpp K" L K pGbpgfiwi hiuiSiulpiipqbpp iSpgL 

fUqpq dUuiq^nJunipjniQQhp <uiljuiquipd dUuiq^nJumpjniQQhp 



t" = p{w)t + gy{w)\x 



x" — y{w)(x — wt) 



t= P(w')t"+gy(w')\x" 
c 

x = y(w')(x" - w't") 



1.6-3 



flpuihq K, K 1 U K" pQhpgpuq hunSuiqujpqhpp v', u' U w' huiljuiquipd huipuaphpuiquiQ uipuaqnipjniQQhpp 
uipuiuihuijuinipjnLQQhpp, huiiiuidujjQ (1.2 - 8)-Ji U (1.3 - 37)-p Qnp G2UiGuiqnuSGQpp, qiJiGhG. 

v = - v U u — - u U W = -~hr — w 

p(v) P(u) p(w) 

t>ul} (1.3 - 32)-n4 uipq^uicJ pujGuidUhpp l}ppuinhpiil K, K' U K" pQhpgpuq hujiiujl}uipqtipp niqpq U hujl}uiquipd 
uipuiqnipjmQQhpp hunJujp, pQ^ujhu QuiU GmjQiqhu q^bph^hpiq^ (1.3 - 37)-p Qnp Q2iuQiulpiuiQapp, iSbQp l}uuiuiQuaQp hhuiUjuj^ 
puiQuidlibpp. 



1.6-4 
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/J(v') = 
y(v') = 



7(v) 
d(v) 

goo 

«f(v) 



««') = 



r(V) = 



rO) 

d(u) 
d{u) 



p(w') = 
y(w') = 



d{w) 

P(w) 
d(w) 



1.6-5 



Ujdii oquiqMjpiq' (1.6 - l)-nq\ (1.6 - 2)-ni[ U (1.6 - 3)-ni[ inpiluifr nlr lpil ^ hiulpuquipd dUiuipnpimpjuiQ 
himliuuuipnuiQtippg, IpuimuphQp duiiSuiQuiljp U uiuipui&nipjuiG hplpu huignpquilpuG dUuiipnpinipjniQQhpp prqnp hGuipiuipip 
i[hg iniupphpiuqQhpp: Ujq prqnp hiusmpquilpuQ dUunpnJumpjniQQtipp quiuiuiptqmg hhuin iShQp IpnniuQuiGp v, u U w niqpq 
ujpuiqmpjniQQhp U ijpuiQg huil}iurpup6 v', «' U w lupiuqnipjniQQtip opupniQuilinq qnp&iul}pgQhpp lipjU hquj& pnpip 
uinGyupjniGGtipp: 



1. OqtndbGp (1.6 - \-)-ni[ mpi[w& diudiuGwl/fi U inwpiudmpjwG mqfiq dhim[mpjnipjwG hwilwmiipmdGhpIig 



^pui huiiiuip (1.6 - 3)^4 uip^iuft huilpurpupd dUunpnJunipjuiQ huiqMjjuuipnuSGhppg f-p U x-p uipiniuhiujinnLpjiuGQhpp 
inhrpuqptqni[ (1.6 - l)-ni[ inpipufr duiiSuiQuiljp U uiuipui&nipjuiG mqpq dlauLpnpiiupjuiG himliuuiupnuiGtipp iSh$>, dhQp 
quuiuiQuiQp. 

t' = [p( v )p( w <) - gr (v)y(w')^y' + gy(w')[p(v)^ + y(v)-^y 

x = y(v)y(w')f[ - g^-\" - y(y)[r(w')w' + P(w')v]t" 

(1.6 - 6)-ni[ inpipufr dUuiLpnpinipjniQQhpp uipiniuhiujimupjiuGGhpp huiiStuSimnhpiq' (1.6 - 2)-nU 1 inpU^uS t' duiiiuiGuilip U 
x' uiuipui&mpjuiQ hiulpuquipd dUuiq^inpinipjuiQ hiuipuuiupnuiGtipp hhin U ppuip huiqMjJuuipagGtqnil f"-p U x"-p 
qnp&iuqpgQhpp, iSaGp IpiinuiGuiGp htnnLjuq umGyupjniQQhpp. 



1.6-6 



chjjiiuiGuilip duuidinpinipjniGpg 

P(u') = P(v)p(w')-gy(v)y(w')^f 

c 

y(u')u' = y(w')[P(v)w ! + y(v)v] 



Suipui&nipjuiG dLuidinpinipjnLGpg 

r(«') = r(v)r(w , )(i-g J ^) 

y(u)u = y(v)[y(w')w' + P(w')v] 



1.6-7 



2. OqtndbGp (1.6- l)-ni[ mpdwd dwtfwGiub[i b wwpw&mpjiuG hwbwpwpd dbmdmpjnipjwG huiduiuuipnidGbpfig 



'l-pui huiiiuip (1.6 - 2)-nU [ inpU^uS hiulpuquipd dUuiipnpinipjuiG huiqMjjuuipnuSGhppg f'-p U x'-p uipinuihuijimupjinGGtipp 
inaquiqptqnil (1.6 - l)-ni[ inpipufr duiiSuiQuiljp U uiuipui&nipjuiG hiulpuquipd dlouUinpinLpjuiG huiipuuuipnuiGapp iSh$>, lihGp 
IpiinuiGuiGp. 

t = [/J(v W) - gr(v')r("')^ }" + g-^Y(.u')[P(v')u' + y(v')v']x" 

x = r(v')r(«')(i - £^)*" - r(v')[r(«')«' + J8(»>']«" 

(1.6 - 8)-ni[ inpipufr dLuiipnpinipjniGGapp uipinuihuijiniupjiuGGhpp huuStuSuiinhpiq' (1.6 - 3)^4 uipdjiuft t duiiSuiQuiljp U 
x inuipui&nipjuiQ Inuljuiquipd dUunpnJunipjuiQ huiq'uiuuipmiSQhpp hhui U ppuip huii[iuuiuphg Qhpiq 1 f"-p U x"-p 
qnp&iuqpgQhpp, iSUGp l}uinui(iujQp hhinUjiu^ uinQjnipjniQQhpp. 



1.6-8 



cfujiiujQuiqp dLujq'inpmipjniQpg 

p(w') = p(y')P(u')- gy(v')y(u')^f- 

c 

y(w')w' = y(u')[fi(y')u' + y(y')v'] 



SuipiudnipjiuQ dUunpnJunipjniQpg 

r(w , ) = r(v , )/(«')(i-g^f ) 

y(w')w' = y(v')[y(u')u' + P(u')v'] 



1.6-9 
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3. Oqmq'hGp (1.6 - 2)-ni[ mpi[wd dujifiuGwl/p L inwpwdmpjiuG mqpq dhwipnpjmpjiuG hwilwmiiprmSGhppg 



'l-piu hiuiiujp (1.6 - l)-ni[ uipihjj& nujpq dluuipntunipjiuQ hiuiliuuiupniiSQappg ?'-p U x'-p uipiniuhiujinnipjniQQQpp 
inQrpun,pQpiil (1.6 - 2)-ni[ inpinufr dunSiuQujl}p U uiiupiu&nipjiuQ ninjnj dhuuhnpimpjiuQ hiuiliuuiupnuiQupp iSq$>, lihQp 
IpjuiiuQuiQp. 



t" = [«v)/j(«)-«r(v)r(«)^-]« + *-^-r(v)[r(«)« + ««)v>c 
x" = r(v)y(«)(i - s-jg-)* - r(«)[P(v)« + r(v)v]t 



1.6-10 



(1.6 - 10)-ni[ inpipufr dUuiipnpanipjniQQhpp uipiniuhiujinnipjniQQhpp hiuiSQiSiuinhpiil (1.6 - 3)-nil uipiliuft t" dunJiuQiuljp 
U x" uiiupiu&nipjiuQ ninjnj duiuinnpinipjiuQ hiuiliuuiupnuiQupp htun U hpiup hiuiluiuiupagQapiil f-p U x-p qnp&iuljpgQtipp, 
iShQp IpiinuiQiuQp hhinUjuiL lunQyiipjniQQtipp. 



chuiiuiGuilip dUiuLpnpanipjniQpg 

PM = P(v)P(u)-gr(v)r(u)^f 

c 

y(w)w = y(v)[y(u)u + ff(u)v~\ 



Siupiu&mpjiuQ dUuiipntumpjniQpg 

y(w) = r(v)r(«)(i-*^-) 

y(w)w = 7(m)[/J(v)m + y(v)v] 



1.6-11 



4. OquidhGp (1.6 - 2)-ni[ wpi/iud diuifiuGwUp U inwpiudmpjiuG hwuwqiupd dhwipnpjmpjiuG hwiJwuwpmGGhppg 



^piu huuiiup (1.6 - 3)-ni[ uipi[iu& mqpq dUiuipnJunipjiuQ hiuihuuiupniu'Qtippg f"-p U x"-p uipiniuhiujinnipjniQQhpp 
inDrpunjiapiil (1.6 - 2)-ni[ inpinufr dunSiuQujl}p U uiiupiu&nipjiuQ hiulpuniupd dhuuhntumpjiuQ hiuiniiuiupnuSQapp iSa$>, lihQp 
IpiuiiuQuiQp. 

t> = [p(u')P(w)-gy(u ! )y(w)^y + gj T y(w)[P(u , )w + y(u')u'}x 

x' = y(u')y(w)(\ - g^y ~ 7(u')[y(w)w + 0(w)u']t 

(1.6 - 12)-ni[ inpinufr dLiuihnhvinipjniQQapp UipiniuhuijinnipjniQQhpp hiuiStnSiuinhpiil (1.6 - l)-ni[ uipiliuft t' dunJujQuiljp U 
X 1 uiiupiu&nipjiuQ ninjnj dUiuihnpanipjiuQ hiuihuuiupnuSQapp hhui U ppiup hiuiniiuiupagQapiil f-Ji U x-Ji qnpfriuljpgQapp, iShQp 
IjuuiiuQuiQp hhuiUjun lunQyiipjmQQopp. 



1.6-12 



chuiSiuQiuljp dliunpnJunipjniQJig 

P( V ) = P(u')p(w)- gy(u')y(w)Mlf- 

c 

y(v)v = y{w)\_p{u)w + y(u')u'] 



Siupiu&mpjiuQ dUiuihnJunipjniQpg 

Kv) = r("')r(>f)(i-g-^f) 

y(v)v = y(w')[y(w)w + y8(w)u'] 



1.6-13 



5. Oqim/hGp (1.6 - T>)-ni[ mpijwd dwiSwGwhp h inwpw&mpjwG mqpq dhwipnpjmpjwG hwiJwuwpmGGhppg 



'l-piu huuiiup (1.6 - l)-nil uipiliuft huil]uin.uind dUiuipnJunipjiuQ hiuihiiuiupniu'QQppg £-p U x-Ji uipiniuhiujinnipjniQQhpp 
inQrpuijpapiil (1.6 - 3)-ni[ inpinnfr diuiSiuQuiljp U uiiupiu&nipjiuQ ninjnj dUuuhnpjnipjiuQ hiuihuuiupnuiQapp iSq$>, QhQp 
IpjuiiuQuiQp. 

t" = \_li{v , )p{w)-gy{v')y{w)^y + gj J y{v')[y{w)w + p{w)v']x' 
x" = y{v')y{w){\ - g^y - y{w)[p{v')w + /(v>']f' 



1.6-14 
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(1.6 - 14)-ni[ inpipufr dUuiipnpinipjniQQhpp uipiniuhuijinnipjniQQhpp himStuSimnhpiil (1.6 - 2)-nU 1 mpiluift t" duiiSiuQuilip 
U x" uiuipuj&nipjujG luqpq dUiuipntumpjuiQ hiui[iuuiupniii(itipp htun U ppuip InuqMjJuuipagQtqnil f'-p u x'-p qnp&uil}pgQhpp, 
i5hQp IpainuiQuiQp hhinlijuiL umGyupjmQQapp. 



chjjiiuiGuiqp dUuiipnpanipjmQpg 

p(u) = P(v')p(w)-gy(v') 7 (w)^ 



y(u)u = y(v')[y(w)w + P(w)v'] 



SuipuidiupjuiQ dliUnpnJunipjniQpg 

r(«) = r(v'Mw)(i-g^f) 

y(u)u = y(w)[P(v')w + y(v')v'] 



1.6-15 



6. OqmdhGp (1.6 - 3)-nG mpi[w& dwtlwGwlip U inwpiudnipjwG hwbwpiupd dhwipnpjmpjiuG hwilwuwpmiSGhppg 



1-pui huiiiuip (1.6 - 2)-ni[ uipi[uj& mqpq duuiipnpiiupjuiQ hunluiuuipnuSGhppg f"-p u x"-p uipinuihuijinnLpjmGGtipp 
inhnuiqpapii[ (1.6 - 3)-ni[ inpipiifr duiiSuiQuiljp U uiuipui&mpjuiG huilpuqiupd dUuiipnpanipjuiQ himpuuuipnuiGtipp iShj, lihQp 
quuiuiQuiQp. 

r r > 1 

t = [P(u)P(w') - gy(u)y(w') H&- J*' + g±-y(u)[ 7 (w')w' + p(w')u]x' 



< 



r(u)r(w')(i - g^y - y(w')[p(u)w' + y(u) u y 



(1.6 - 16)-ni[ inpipufr dUuiipnJunipjuiQ uipinuihuijinnipjiuGGtipp huiiStuSuiinhpiq' (1.6 - l)-nij uipijuj& t duiiSuiQuiljp U x 
inuipuifrmpjuiG huilpurpupd dUunpnJunipjiuQ huiqMjjuuipmu'Qtipp haul U ppuip huuluiuuiptig Qhpiil f'-p u x'-p qnp&uiljpgQhpp, 
\5hQp IpiuiuiQuiQp hhinlijiu^ uinQyupjiuQQapp. 



cJ-uiiiuiGuiUJi duuiipnpimpjniQpg 

p(v') = p(u)p(w')-gy(u)y(w')^f 

c 

y(v')v' = y(u)[y(w')w' + P(w ! )u] 



Suipui&mpjuiG duuiipnpinipjmlipg 

r(v') = r(«)r(w , )(i-g^f) 

y(y')v' = y(w')[P(u)w' + y(u)u] 



1.6-16 



1.6-17 



Ujuu[puni[ iSuQp, hphp pGupgpuq huiiiuilpupqupp lipgU quiuiuiptiniil prqnp hGuipuiipip huijnpquilpuli duuiipnpinipjniGGapp 
uuiuiguiGp 24 huiui uinGyiipjiuGGtip: OqinqMjniil uijq huiipuuuipnuSGQppg, huignpq puidGnu5, lihGp qUuiuiuiphGp IpupUnp 
hhinUnipjniQQhp: 



1.7 - kuipUnp ^huiUnipjniQQh]i ^uignpri.uiljuiQ 9Uuii|infunipjniQQh]i]i kfipuinniiSfig 



Ujdii (1.6 - 9)-p duuSuiGuiljp duuiipnpinipjniGpg uuiuigiluifr hplpu huiipuuuipnuSGapp lihg uihquiqphpiq' (1.6 - 4)-nil 
inpipiifr piuiquupip ujpuiqnipjniQQhpp U (1.6 - 5)-nil uipipu& piuiquupip uipuiqmpjniG upupmQuilpiq qnp&uiljpgGhpp 
uipinuihuijinnipjinGGapp, pQjiqhu Quilt quiuiuipapiil npn2 lipfiimnnuiGhp, iShQp IpiinuiQuiGp htunUjuiL hplpu uinQyupjmQQhpp. 

rW = ^Sfrr(v)r(")('i-5 J f 

d(v)d(u) V c 1 



y(w)w — 



d(w) 
d(v)d(u) 



y(v)[y(u)u + P(u)v] 



(1.7 - l)-p luniujpQ huiiluiuuiprmSp hunShiSuiinhpiq' (1.6 - ll)-p iniupiu&nipjiuQ dliUnpnJunipjniQpg uuiuigi[iu& uiniugpQ 
himpuuiupiiuiG hhin quid (1.7 - l)-p hpqpnpq huiOjUiuiuprmSp hunSbiSiuintipiq' (1.6 - ll)-p dunSuiQujl}p dliUnpnJunipjniQpg 
uuiuigq , ui& hpqpnpq huidjUiuiupiSuiQ hhui, dUiuq^npampjuiQ npn2p^Qhpp huiiiuip lihQp quimuQuiQp hhuiUjuq uinQ^nipjniQp. 



d(w) = d(v)d(u) 



1.7-1 



1.7-2 
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Upui^uiip Injhpp 4uipuiphpuilniiG CuipchiuiG ShumpjniG 



Ujtfii ppuip huiihiiuuiphgGhpiq' (1.6-7)-nil, (1.6-9)-nil, (1.6- ll)-ni[, (1.6- 13)-nil, (1.6- 15)-nilU (1.6- 17)-nil 
inpipiifr huiipiiuuipnuiGhpp huiiSuilniipqhpp hpljpnpq huiqMiiuuipniu'Ghpp ui$> IpirpSp uipuiuihuijuinipjniGGhpp U Ipiiinuiphpiq' 
iSpliQmjQ uipuiqnipjniGp u uijq uipuiqnipjniQp upiipniQuilpiq qnp&uiljpgGhpp piupuiipipnui, iShGp IpiinuiGiuGp hhinhjuiL i[ a 9 
uinGyiipjniGGhpp. 



1) 

2) 
3) 
4) 
5) 
6) 



P(v)-r(v) _ p(w')- 7 (w') 



y(v)v 

)8(v')-r(v') . 

y(v')v' 
P(y)-7(y) _ 

7(v)v 

P(u')-y(u') 
y(u')u' 

P(y')-r(y') . 

/(v')v' 

/?(w')-r(w') 



y(w')w' 

_ P(u')-Y(u') 

y{u')u 

P(u)-y(u) 
y(u)u 

= P(w) - rW 
y(w)w 

= ft(w) - y(w) 
y(w)w 

P(u)-y(u) 



1.7-3 



iShj. 



7(w')w' y(u)u 

f>ulj oqinilbpiq' (1.6 - 4)-ni[ U (1.6 - 5)-ni[ inpipufr puiQuidLtippg, hQ2in t huiiinqilhl Iiduiujuil uinGyiipjniGGQpp 62 ulnl PJ ul G 

P(v ! )-y(v') _ P(v)-y(v) 



y(v')v' 

P(u')-y(u') 
y(u )u 

P(w')-y(w') 
y(w')w' 



y{v)v 

P(u)-y(u) 
y{u)u 

P(w) - y(w) 
y(w)w 



1.7-4 



Uj QiuhhinL (1.7 - 4)-niJ uipinii& uinGyiipjniGGQpp qppuinhpii[ (1.7 - 3)-p lihg, iSUGp IpiinuiGiuGp iSpiujG iShq uinGyiipjniG, 
npp lpupiihii& ^t ninjiq IpiiiS huilpuniupd uipuiqnipjniQQappg: UjupGpG uijq uinGyiipjniGp iSGnui t QnijGp IpiniuijuilniiG 
(v, M, wj niqjiq wpwqnipjniGGhpp u ijpmGg huilpiinuipd (y 1 , u 1 , wj uipuiqnipjniGGQpp huiiiuip: 4,tunuuipuip uijq 
uinGynpjniGp iqhinp t ihQp huiuinuiinniG iSQfrmpjniG, npp u iSGGp Ip^uiGuiUJiGp 4,2 inuinu^uiGnq' Iiduiujuil U.opuj. 

PM - r(v) = /?(«)-/(«) = PM - rW = P(y')-r(y') = /?(«')-/(«') = PW-rfr') =< = huiummuiniQ 

y(y)v y(u)u y{w)w y(v')v' y(u)u y(w')w' 2 

■fiuiGp np (1.7 - 5)-ni[ inpipiifr uinGyiipjniGp IpiiiSuijuilpiiG uipuiqnipjuiQ huiiSuip huiGnjiuuiGnuS t huiuuiuiuiniG lih&nipjniG 
u uijG, pGjiqtiu hpUnn5 t umGjnLpjmGpg, mGp uipuiqnipjuiG huilpiinuipd ^uiipnijuilpiiGnipjniQ, htunuuipuip lihGp uijq Gnp 4,2 
huiuuiuiuiniG lih&nipjniGp huipiuphphpiq' uiJiQqQpuilpiiG c uipuiqnipjuiG htun, IjqpDGp uijG htunhjuiL qhpu}. 



1.7-5 



<2 = S 



,J_ 



1.7-6 



flpinhij i-p duiiSuiGuilpiiinuipuidnipjuiG Qpljpui^uiipuilniiG IpiinnigqMii&pp pGnipuiqpnij tip Gnp huiuuiuiuiniG liu&nipjmG t 
U uijG pnpip pGhpgpun huiGuil}uipqhpniG mGp lipLGmjG uipdupp: 4,Duiuuipuip (1.7 - 5)-p qphpii[ iSpiujG ninjm U iSfiuijO 
huiljuiquipd uipuiqnipjniGGhpp huiiiuip, iSUGp l}uuiuiGuiQp hhuiUjun uinGjnipjniGGtipp hunSuilpiipqp. 



J8(v)-y(v) _ P(u)-y(u) _ P(w)-y(w) 



1 



y(v)v 

PW)-7(y') 

/(v')v' 



y(u)u 

P(u')-y(u') 

y(u')u' 



y(w)w 

P(w')-y(w') 

y(w')w' 



1.7-7 



,_L 



Lm&hpii[ (1.7 - 7)-ni[ uipi[ui& uinuigpG huii[uiuuipniGGtipp /J qnp&uiljpg Ghpp GljuiunSuuSp iSUGp IjuuiuiGuiGp hhuiUjun 
qhrihglil} puiGuidUhpp, npnGp fifyui hG liunSuijuiliuiG niqjiq uipuiqnipjniGGhpp hunSuip. 
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r P(v) = r(y)(i + sf) 


< 


p(u) = r (u)(\ + s f) 




P(w) = y(w)(l+sf) 



1.7-8 



X>niQu}hu ^m&h^ni[ (1-7 - 7)-ni[ inpi^ 111 ^ tplipnpq hui4uiuujpnnSQtipp /3 qnp&uiljpgGtipp Glpuiniiuiiip, (1.7-8)-pQ 
hunSiuQiSuiQ, iSUQp IpnnuiQuiGp hhinUjuiL puiGiudUhpp IpmSiujiulpuG huilpurpupd uipiuqnipjniGGtipp huiiSuip. 



/J(v') = y(v')(l +*-£-) 

0(«') = r("')(i + 4) 

i3(w') = r(w , )(l+.s^) 



1.7-9 



P qnpdiuqpg Ghpp uipiniuhiujinmpjnLQQhpp (1.7 - 8)-pg inhrpuiyihpiil (1.6 - 4)-ni[ inpipufr hiuquirpupd uipuiqiupjiuGGUpp 
puiQuidlihpp iSh$>, lihQp quuiuiGuiGp huilpurpupd uipiuqnipjuiQ quiiqp nu]pri uipuiqnipjiuQ hhui. 



v' = 


V 


U 


u' = 


u 


U 


w' — 


w 


1+^ 


l + sf 


l+sf- 



(1.7 - 10)-ni[ inpipufr puiGiudhpp pudhpiq' mqpq uipiuqiupjniGGtipp GlpuuiiSimSp , lihQp quuiuiQuiQp. 



V = 


v' 


U 


u = 


u 


U 


w = 


w' 


1+4 


1 +S jf 


1+4 



llj GmhtunU (1.6 - 5)-ni[ inpipufr himliuuiupnuiGtipp hiuiSuilpupqtipp uinuigpQ U hpqpnpq huiq'uiuuiprmSQhpp lihg 
mhipiiiiphinil (1.7 - 8)-ni[ U (1.7 - 9)-ni[ inpipufr p qnp&iul}pgQhpp uipmuihujjuinipjniQQhpp, pQ^iqtiu QuiU oqimlhpiq' 
(1.3 - 30)-pg, lihQp quuiuiQuiQp hhuiUjun lunQ^nipjniQQhpp. 



r(v') = 54(i + ^) 



r(v)--g^fi..x. 

d(v ) 



fl(«) L 



r(M ) = ^i(l l ,iL- 
d(w J 



7("')=-g4(l + ^) 

rf(w) L 



a(w ) 



(1.7 - 10)-p, (1.7 - ll)-p U (1.7 — 12)-p himSimnhri qppuinniiSpg iShGp IpiiniuGuiGp htunhjuiL uinQjnipjmQQhpp. 

r 



Y(v')v' = 



d(v) 



y(v)v 



y{u)u' = 



d{u) 



y(u)u 



y(w )w = 



d(w) 



y(w)w 



y(v)v = 



tf(v') 



/(v')v' 



d(w ) 



7(w)w = 



rf(w') 



7(w')w' 



f>piup hhin piuqiSuiiqujuilihpiil (1.7 - 10)-ni[ U (1.7 - ll)-ni[ inpipufr puiGiudUhpp, iShGp IpuiSuijuilpuG R> U w 1 mqpq U 
hiuquirpupd uipuiqmpjiuG huiiiuip IpiiniuGuiGp hhinUjiu^ umGyupjniGp. 

(l+-^)(l+4) = l 
Oqini[hpiq' (1.7 - 10)-pg, iSUGp GmjGujtiu IpuiiuijuilpuG w ujpujqnipjuiQ huiiiuip, UuuiuiGuiGp hhuiujuiL uinGyupjiuGGhpp. 



1 + 1'^ 



1 + -k?-^- 

2 C 



1 + ^-s-^ 

2 C 



1 + T^ 
l+.v-^ 



1+s^ + g- 



l+sf +g\ 

_ Cj_ 

(1+.^) 2 



^uiuuiinhn qppuinhpii[ (1.7 - 12)-p U (1.7 - 15)-p hpljpnpn huiiluiuuipnuip, iShGp IpuiSuijuilpuG w uipuiqnipjujQ himSiup 
quuiuiQuiQp hhuiUjun l}iupUnp uinQ^nipjinQp. 



7(>0( 1 + T'4) =,,M( 



1 + i^) 



1.7-10 



1.7-11 



1.7-12 



1.7-13 



1.7-14 



1.7-15 



1.7-16 
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(1.3 - 34)-p dhg uiDquiqpuniq' (1.7 - 8)-niJ U (1.7 — 9)-niJ uipiluift p qnpfruiqpgQhpp uipinuihuijinnLpjnLQQhpp, lihQp 
quniuijuiquiQ w u w' mqpq U huilpiiquipd uipuiqnipjniQQhpp huuSuip quuiuiQuiQp hhuiujuq uinQyupjniQp. 



y(w)y(w') = P(w)P(w') 



l+.v- 



1+.S-J 



[+sJ F + ! 



1 



> 



1 +,-*-+, 



1 



WW 

8 c 2 



(1.7 - 17)-fig hhmLnuS t Quili, np IpiiuuijuilpiiQ w U w mqfiq u huiquiquipd uipuiqmpjuiQ huiuuip iip2in inuqp mQp 
htunLjuiL umQyupjmQp. 



< 1 



bph uijdu (1.3 - 28)-ni[ u (1.3 - 31)-ni[ inpi[ui& npn2p£p uipuiuihuijuimpjniQQDpp uqj inuquiqpDQp jS(v)-p 
uipinuihuijinnLpjmQp (1.7 - 8)-pg u /?(v')-p uipuiuihuijuimpjniQp (1.7 - 9)-pg, pQ^iquu QuiL ilDphf^Qpiil (1.3 - 29)-p U 
(1.3 - 37)-p, uiupu uuQp d(v) U d(y') npn2p^Qhpp huniuip IpnnuiQuiQp Quili hhuiujuq puiQuiduupp. 

rf(v , ) = r 2 (v , )(i + ^)(i-gfr)*° 



< 



^) = r 2 (v)(i + .^)(i-g^)*o 
^) = r 2 (v)(i + ^ + g^-) *o 



< 



d(v) = y 



(v')( 



l+s^+g^ 



9 



* 



fqiuip hhin puiquuiunuuiqtqnq' (1.7 - 19)-ni[ inpipufr huuluiuuipnuiQhpp huiuuilpupqhpp hpqpnpq huuhuuuipmuQhpp h 
uij Qmhhuih oqinqMipiq' (1.3 - 30)-pg h (1.7 - 17)-pg, uhQp IpiuiuiQuiQp hhuihjuqhuiuui^uiqh uinQyupjmQp. 



(i + .vx + ^)(i + .4 + ^)^(i- g ^) 2 



Ujdii (1.3 - 35)-niJ uipq\u& qpiuqiuQ h puiguiuuilpxiQ 6UunpnJunipjnLQQhpp iquijuuiQh uh$> inhquiqptqni[ IpnuuijuilpjiQ w 
uipuiqmpjuiQ huniuip /3(w) h fS(w' ) qnpdwqpgQhpp mpmwhwjmnLpjniQQhpp (1.7 - 8)-pg h (1.7 - 9)-pg, pQjujhu Quih 
4hphp2tipiil (1.3 - ll)-p, lihQp buuiuiQuiQp hhuiujuq Qnp unujuuiQQhpp. 



^puiquiQ duuiqhntunipjmQQhp 



PuiguiuuilpiiQ dUuiqhnJumpjnLQQhp 



l+sf- >0 
l+s*f > 



l+sf- <0 

l+S^r- <0 



1.7-17 



1.7-18 



1.7-19 



1.7-20 



1.7-21 



llj QmhhinU oqunlhpnl (1.7 - 21 )-n4 uipiluift qpiuqiuQ - puiguiuuiquiQ dUuupnhmipjniQQhpp Qnp upujuuiQpg U 
(1.7 - 17)-ni[ inpipufr uinQyupjmQpg, Ipupnq hQp hqpuilpiigQtqnp quniuijuiquiQ uipuiqmpjuiQ hiuiiuip qpuiquiQ h puiguiuuilpxiQ 
duuiqhntunipjniQQhpp ujuijuuiQp uhQp quipnq hQp qptq Quih uhuiuhQ hhinLjuiL Iphpiq. 



QpiuqiuQ duuiqhntunipjmQQhp 



PuiguiuuiquiQ dUuiuinpinipjniQQhp 



1+sf- > 



1+s-f <0 



1 +s- 



■ + g- 



> 



1 +s- 



+ g- 



< 



1.7-22 



Oquiq'tqnq' (1.7 - 19)-n4 uipq'uicJ huiqMuuuipnuiQhpp huiuuilpupqhpp uinuigfiQ huuluiuuipnuiQhppg, pQ^ujbu QuiU 
huiuuiduijQ (1. 1 - 20)-fi U (1.7 - 22)-{i, qpuil}ui(i U puiguiuuiquiQ dUuiq^nJunLpjniQQhpp ujuijiiuiQp, uhQp l}uipnq hQp npn2tq 
y(v) U y(v') qnp&uiqpgQhpp uipinuihuijinnipjniQQhpp qpuiljuiQ U puiguiuuiquiQ dUuiq^npanipjniQQhpp huuSuip htunUjun qhpu}. 



< 


O-puiljuiQ dUuiq^nJunipjniQQhp 

r My) 

v(v) - v > 


PaigaiuiuliiuQ dUiui]inliinLpjnLQQhii 

rM - ^ > o 


Jd(v ! ) 

r( V ') = v > o 


H 1+t * +s $) 


f^ > 





1.7-23 
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4,uijl}iuliuiQ <uipiuphpuil}iuQnipjuiQ ^uiinmlj ShunipjniG 



EGqq&md 1-12 - 0tJihiS tptpwdwbwG t (1.7 -23)-/ ilbp nGqmGbi d(v) = ±1 (hmii np GnijG t pGnniGty d(v') = ±1) 
b iSbGp hh/wmpjwrfp bwpnq bGp npn^b[ y(v) qnp&wbgp wpdbpp (bwiS y(v') qnpdwljgp wpdbpp): fiwjg rffiGjb dhpp 
UGbbqfr ipGbpu hwiSwp wbinp t wub[ np d{v) = ±1: pGqniGbpupjmGp bwdwjwbwG t b jfi pfumiS (1 - P-)-nd mpdwd 
■CwjbwqwG hwpwpbpwbwGmpjwG hwinmb inbumpjwG hpdGwqpmjpGhppg: 4bmbwpwp y(v) qnpdwl/gfi wpdbpp qmGh[m 
hwtlwp UbGp wbmp t npnGbGp iSbl] wji tfwGwwwph, npp ppJp dbp hwpwphpwlpiiGmpjwG hpdGwqpmjpGhppg: 

Oqinqbmq (1.6-7)-nil, (1.6-9)-nil, (1.6- ll)-nil, (1.6- 13)-nil, (1.6- 15)-nqL (1.6- 17)-nq uipquift 
hiuihuuiupnuiQDpp hiuiSiulpjipqDpp iniupiufrmpjiuQ dluuipntumpjiuQ huiiluiuuiprmSQhppg U hpljpnpq huii[uiuuipnnSQhpp 
puiduiQhpi4 uiniujpQ huuluiuuipmiSGhpp ijpiu, pd^upju Quih oquiuiqnp&tqml (1.7 - 8) -ml U (1.7 - 9)-ml inpihud puiQiudUhpp, 
iShQp IpiimuQuiQp mqpq U hiulpuqujpd hiupiuphpuilpuQ lupiuqmpjmQQDpp iSpjU qnjmpjmQ mGhgnq prqnp hphp 
umQjnipjniQQhpp: 

♦ (1.6 - 11) -nd b (1.6 - 9)-ni[ inpdw& mwpwdmpjwG dbwipnpjmpjwG hwdwuwpmdGbppg, iSbGp buiniuGwGp 

w mqjiq lupiuqmpjuiG hunSuip w' hiulpuqujpd ujpuiqmpjuiQ huiiiiup 

u + v + s^- , u' + v' + s^- 1.7-24 

w = ttt^- U w = j—r — 

L c 

♦ (1.6-15) -nd t (1 . 6 — 7) -ni[ mpdwd mwpwdnipjwG dbwipnpjmpjwG hwdwuwpmdGbppg, iSbGp buiniuGwGp 

u mqjiq lupiuqmpjum hunSuip u hiulpuqujpd uipiuqmpjiuG huiiiiup 

w + v' + s^- , w' + v + s^- 1.7-25 

U = t—X ll U - r= 






♦ (1.6-13) -nd b (1.6- 17) -nd uipdwd wwpwdmpjwG dbwipnpjmpjwG hwdwuwpmdGbppg, dbGp 
bumwGwGp 

v mqpq lupiuqmpjiuQ huiiiiup v' hiulpuqiupd lupiuqmpjiuQ huiiiiup 



1.7-26 



1-gJLXL l-g^r 

c c 

Oquiiltqml (1.7 - 10)-ni[ uipi[iu& hujl}uiquipd lupiuqmpjmQQDpp Ipuii (1.7 - ll)-ml uipipu& mqpq lupiuqmpjmQQDpp 
puiQuidlihppg, lihQp (1.7 - 24)-ni[, (1.7 - 25)-ml U (1.7 - 26)-ml inpipufr lupiuqmpjiuQ dUuupnJunipjuiQ piuQiudlihpp, puin 
uiQhpuidh2UinipjujQ, Ipxipnq hQp lupiniuhiujintq Ipxui lipiujG mqpq lupiuqmpjmGuQpml U liuui tq lipuajQ huiljiuqiupd 
lupiuqmpjniGGQpml JiQ^iqhu gmjg t uipipu& uuinpU: 

♦ (1.7-25)-^ wpmwhwjmdwd dpwjG mnpq t/wd ilpwjG hwbwqwpd wpwqnipjmGGbpnd, bJpGp 
u mqpq uapuaqmpjuiQ huuSuap u hualjujqujpd uipuiqmpjuaQ huuiujp 



1.7-27 



♦ (1.7 -26) -p wpwwhwjwdwd dpwjG mqpq Ijwii dpwjG hwbwqwpd wpwqmpjm GGbpnd, IqpGp 
v mqpq uipiuqmpjuiG tuuiSiup v' hmljujqujpd uipujqmpjuaQ huiiiiup 



1.7-28 



l +sf+g jm. l+s jf +gJ ^f 



c" 



(1.7 - 24)-p duihi l}nqiip huuluauuipmiip lihQp Ijuipnq hQp huuiuiptq npu}hu hplpu mqpq ujpuiqmpjmQQhpp qmiiuipiSuiQ 
puiQuidli, npp Ijiupnq hQp qph^hhuiUjuq Ijhpuj. 
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w — u ffi v = 



1-g- 



t>ulj (1.7 - 27)-p duipj Ipiipip hiui[iuuiupnLiip lihQp quipnq hQp huiiiiuph^ npiqhu hplpu nu]pq ujpuiqnipjniQQhpp huiQiiuiQ 
puiQuidU, npp Ijiupnri hQp qph^hhuiUjun l}hpu[. 



l+st+g**- 



1.7-29 



1.7-30 



CQllq&nuI 1-13 - (1. 1 - 29) -ni[ h (1. 1 - ?>0)-ni[ wpijwd wpwqmpjniGGhpp qnirfwprfwG h huiGiSuiG puiGwdhhpp rfhGp 
Gwpnq tpGp uwiuGwi GwL {1.5 -l)-p h (1.5 - 6)-p wniuppG hwilwuwpmiSGhppg, wjGinhq whqiuripbinil /J(v) qnp&whgp 
wpdbpn (1.7-8) -fig: 



(1.6-7)-ml, (1.6-9)-nq\ (1.6- ll)-ml, (1.6- 13)-ni[, (1.6- 15)-nilU (1.6- 17)-nil inpipufr hunlunuupnuiQhpp 
hiuiSiulpjjpqhpp iniupiudnipjuiG 6UunpnJunLpjniQQhppg uimugipiifr umuigpG hiui[iuuuipiiuiQ uipiniuhiujimupjiiiGGtippg iSUGp 
quuiuiGuiGp y qnpfruilipg Qhpp pnpip hGiupim[np dLunpntuiupjiuGGhpp, npnQp iSpumpG qpipiid IppGhG. 

i) r(v ) = 7 («')r(w)(i-g^f) 

2) r( „) = r (v')r(w)(i-g^f) 

3) y(w) = y(v)y(u)(l-g^f 



< 



4) r ( v ') = r(«)r(vf')(i-g i ^) 

5) jiu') = y(v)y(w'){\ - g^- 

6) y( w ') = r ( v ')y( u ')(l-g^f 



Oquiq'hpiq' (1.6 - ll)-ml, (1.6 - 13)-ni[ U (1.6 - 15)-ni[ inpipufr himliuuiupnuiGhpp hiuiSiulpjjpqhpp duiiSuiGujljp 
dliUiq^npanipjniQQhppg uiniug0 1 ui& uiniujpG huiqMuuuipiSuiG uipuiuihuijuinipjiuGGtippg lihQp y qnp&iul}pgQhpp huiiiuip 
quuiuiQuiQp hhuiUjunhQuipiuilnp dUunpnJumpjnLQQhp, npnQp lipuiupQ qpipufr IpJiGhG. 

1 



) r(v)(i + *£) = r(«')r(w)[(i + *-£)(i + *-*-) - g-^f ] 

2) y(«)(l + jf) = /(v')r(w)[(l + *4)(i + s*-) - g^f- ] 

3) r(w)(i + *-*-) = r(v)r(«)[(i + *£)0 + *-£) - *-)£■ ] 



"bmjQiqhu oquiqMipiil (1.6 - 7)-nq\ (1.6 - 9)-ni[ U (1.6 - 17)-ni[ inpipufr himliuuiupnuiGhpp hiuiSiulpjipqhpp diuiSiuGiuljp 
dUuiq^npanipjniQQhppg uiniugU 1 iu& uiniujpG hiuqMuuiupiSiuG lupuiiuhiujuimpjniGGhppg lihGp y qnp&uiljpgGhpp huiiiuip 
IpjuiiuGuiQp hhuiUjunhQuipujq'np dhiuipnJunLpjnLGGap, npnGp lipuiupQ qpipufr IpJiGhG. 



4) r(v')(l +*-£) =7(u)y(w')[(.l+sf)(l+s^-gJ^] 

5) r(«')(l+^) -7(v)7(w')[(l+.v^)(l+.s'^)-gJ^] 

6) r(w , )(i + ^) = r(v')r( M , )[(i + ^)(i + .s'4)-^^f] 



(1.7 - 32)-p U (1.7 - 33)-p hiuiliuuiupnuSGhpp piudiuGhpii[ (1.7 - 31)-ni[ inpipiifr hiuiSiuupuuiiuiiluiuG huiqMjJuuipnuSGhpp 
i)pui, lihGp IpiuiiuGiuGp hhuihjiUL lunGyupjiuGGhpp. 



* c 2 

( 1+ ,4) (1+ , 1) _ g ^ f 

1 + .$4 = ; C — 



1) l + ,£ = 



2) 



3) 1+sf 



(l+sf)(l+sf)-g 



Vlt 

,.2 



■*-f 



4) l+,s-£- 



5) 1+5 J 



6) 1+,^ 



(l+.vf)(l+.s^)-gi^ 
8 c 2 



1.7-31 



1.7-32 



1.7-33 



1.7-34 
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bph uijchS (1.7 - 31)-Ji luniujJiQ hphp huiqMjjuuipiuiSGtipJi ilhg litipiunhQp (1.7 - 12)-nil uipqMjj& huil}iurpup6 
lupuiqiupjiuGGhp u}uipmQujl}nr[ y qnp&uil}[igQtipJi lupuiuihuijuinipjiuGGtipp, pG^iqtiu QuiU oqimlhGp (1.7 - 10)-Jig, uiupu iSbQp 
quuiuiQuiQp htunUjuq luQpiiuqimpip uinQyupjiuGGhpp. 

1 



) r(v) = -^j-r(»)r(w)(i + *f + «-^-) 

2) 7W = -^y(v)y(w){\ + s^ + g^j 

3) rM = r(vW»)(i-«^) 



1.7-35 



bph uijchS X.\ (1.7 - 31)-Ji qMjpjfrQ kphp huiqMjjuuipniiSGtipti lihj litipiunhQp (1.7 - 12)-nL[ uipU_ui& huil}iurpup6 
uipuiqnipjmQQhp upupniGuilpiri y qnp&uil}{igQhp{i uipuiuilnujuiiupjiuGGtipp, pG^iqbu Gu^ oqtmlhQp (1.7 - 2)-fig U 
(1.7 - 10)-Jig, uiupu iShGp IpiiniuGuiGp QuiU hhuiUjuq luGpiiuqimpip uinGyupjiuGGhpp. 



i) y(y)(i + sf)= -^xr(u)y(w){\ + s^ + g^) 

2) r («)(i+,i)= -J_ 7 ( v ) 7(w )(i + ,-^ + g^i) 

3) r(w)(i + *-*-) - r(v)r(«)[(i + *£)0 + *-«-) - *-jf ] 



1.7-36 



r>piup htun hiuiStuSiuinhpiq' (1.7 - 35)-n4 U (1.7 - 36)-nq' uipU_ui& uinGyupjiuGGtipp, lihGp IpiuiuiQuiQp (v,u,w) hphp 
hiupiuphpuilpuG lupiuqnipjniQQtipp iSfijL qnjmpjiuG niQhgnr^ hhinUjiu^ umGynpjniGGtipp. 



c + £ 2 
1) 1+.^" c — 



2) l+sf 



3) 1+sf- 



l + ,f + 






1+^75+S , 



c 2 



1.7-37 



( 1 + *t)( 1 + s t)-«7 



Oquiq'hpiq' (1.7 - 29)-nq' U (1.7 - 30)^4 uipU_ui& lupiuqnipjniQQtipp qnuSiupiiuid U hiuQiSiuQ piuQuidUhpJig, JiQ^iqhu QuiU 
(1.7 - 28)-ni[ inpi[ui& v uipuiqnipjuiG puiQuidUpg, iSUGp l}iupnq hQp uimuQuq QuiU hhinUjui^ uinGyupjniGGtipp. 

f 



1) l + *i + 8^ 



2) 1+sf+gJ^ 



3) l+sf+g^j- 






1.7-38 



(w-y 



"biSuiQunqhu iShGp IpjinuiGuiQp hhinlijuiLUinGyupjiuGGhpp. 



!+*£ + *- 



■•f+*- 



^2 



1.7-39 



1+5- 



v^ = (! + ,!_) e_ 



l 



,.2 
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M^iqhu QuiU iJhGp IpiuiuiuuiQp hhuihjuiL huuSiuGiSiuG uinQynpjniQQhpp. 






1+sf+g^ 



l+.v- 



l +S f + i 



^ = (!+*£)- 



1 



f*piup hhui puiqiSiuunjauilphuiil (1.7 - 39)-p U (1.7 - 40)-p uinuigpQ hiuihxiuiupnuiGhpp U huiiihiiuiuihpiil uuiuigihxid 
uipuiiun.pjuini (1.7 - 38)-p hppnpn. hiuiniiuiupiiuiQ hhui, lihQp IpiuiuiQiuGp hhuihjuq uinQyiipjniGp. 

„2 



( 1+si+g J^ 1+s JL +g ^ 



l+S^+g}^- 



\>i5uiGuiuihu hpuip hhui piuqiiuiupuuilphpiil (1.7 - 39)-h U (1.7 - 40)-p hpljpnpn. hiuihiiuiupiiuiGhpp U huuihiiuiuihnii[ 
uuiuigihud uipuiiuruijujni GrujGiqhu (1.7 - 38)-h hppnpq hujihiJuujpu'iuG hhui, tihGp IpnniuGuiGp hhuiLjuiL uinGyupjniGp. 

1 +5-^ 



1+s^+g^- 



f)i}+sf +g ^f) = (l + sf)(l + sf)(l + sf + g ^-) 



Ujdii tlppuip hhui puiqiSiuunjjuilpaGp (1.7 - 39)-p uinuijpQ huiihjjuuipruu'p h (1.7 - 40)-p hpljpnpn. hiuihiiuiupniiip U 
hiuiShiSiuinhpiq' uuiiugihii& uipuiuinjijiuni QmjQiqhu (1.7 - 38)-p hppnprj hiuihiiuiupiiuiQ hhui, lihQp IpiuiuiQiuGp hhuihjuq 
umGyiipjniGp. 

X>i5uiGuiiqhu hpuip hhui piuqiiuiupuuilphGp (1.7 - 39)-h hphjinpq hui^uiuuipniiSp h (1.7 - 40)-p iuniu$>pG hui^uiuuipniup h 
hiuiShu'iuuihpiq' uuiiugq\u& lupuiuinjijiuui QmjQiuhu (1.7 - 38)-p hppnpij hiuihuuiupiiuiQ hhin, lihQp IpiuiuiQiuQp hhuihjuq 
uinGyiipjniGp. 

Puiqiiiuupiiuilphpiil hpiup hhui (1.7 - 38)-p pnpip hphp hiuiliuuiupnuiGhpp, lihQp quuiiuGuiQp hhuihjui^ uinGyupjniGp. 



1.7-40 



1.7-41 



1.7-42 



1.7-43 



1.7-44 



1.7-45 



CQliq&nid 1-14 - UbGp bwpnq bGp umwGwihmdwGiSwG piuqiiitS wjiwnG^mpjniGGbp, npnGp oquiwlimp bi/iGbG dbq 
«4wjuwbwG ^lupwpbpwuwGmpjwG UbpwGfiuujjfi ShumpjmG» pwdG/i hwiSwp b qpuiGg hbm pGphpgnqp uwpnq t diuGnpwGuii 
(hiuGbuluid V)-niiS: 



Ujdii lifuuupQ qphQp Y(w) qnp&uiqgp h w uipuiqmpjiuQ lupuiuihuijuinipjmQQhpp. 



r(w) = r(v)r(«)(i-*-^-) 



1.7-46 



!-*5 



UpiuupQ qphQp Quih y(u) qnpfriuqgp U u uipuiqmpjiuQ lupuiuihujjuinLpjniQGhpp 

y(u) = 



«) = r(v')r(w)(i-«-^f ) - ^-rWr(f)(i+4 + « „, 



vw 



< 



1.7-47 



1-g- 



1+5^+g 



vw 

,.2 



bi i[ Q P2 uiu l au (1-3 - 38)-ni[ uipi[ui& hiupiuphpualpxiQ 2uapdiiuaQ mnjiq h hiulpuruupd dUuiipnpanipjuiQ liiuiliuuuipniiiGhpp 
iih$> uihrpurpihpiil (1.7 - 8)-ni[ h (1.7 - 9)-ni[ uipi[ui& ji $mQligpuijp uipuiuihuijuinipjmGGhpp, lihQp IpnniuGuiQp uijQ 
uapuiuihuijuii[ui& mqhq U huilpurpupd huapuiphpiulpjjQ uipuiqnipjmQQhpni[ h lipuijQ y qnp&iuqpgQhpni[. 
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Htqhq dUimpntuiupjiuGGtip 4uitpiiquipd dliUnpnJunipjniQQhp 

f'-/(v)[(l+.vf)f + g-^x] J f = y ( v ')[(l +*-£-)*' + £■£*'] 

x' = f(v)(x- vi) x = y(y')(x' - v't') 



1.7-48 



CGq.q&niu' 1-15 - (1.7 - 4-&)-nd inpdmd hwpwphpuiGiuG 2uipdGiuG dhuiipnfumpjuiG Jiim/wuwpniGGbpp GbGp 
IpuGduiGbGp - iwjhwhwG hwpiupbpwhiuGnipjwG hwinnib inhumpjwG dbwipnpjmpjwG hwdwuiupniGGbp, npmbq GbGp qbn 
igbinp t npn2bGp y qnptiwhpg-fyniGbgpwjfi wpmwhwjmmpjmGp: O-pw hwGwp GbGp u/buip t oqmwqnpdbGp 
hwpwphpiubwGmpjiuG hpGGwqpmjpp Gbh wji " wGbip pGqhwGmp ipwum, huiGmduijG npp dwGwGwbwmwpwdmpjwG tffip 
bphm bwGwjwbwG uiwmwhwpGbpp GfipL bqwd hbnmdnpmpjniGp mGp GmjG huiGpuihw^GwliuiG mbupp pnmp pGbpgpwi 
hwGwhuipqbpniG: 



1.8 - OuipchJuiG lIGhuiGui£uii|inipjuiG ^uijuiGuiphjiniiSii f^Qh]ig]iui^uiiJuil[ui]iqh]iniiS 
U ^uiljuiriji]! t^GhpgJiui^ ^uiGuiljui]iqh]i]i UuihGuiGniGii 

i>hqhlpiuQhpp hhuiuiqnuimu' hQ Ibhqhlpujh uiuipphp pQuiqui^uinQhpnuS tfuipupQQhpp huijtquijhQ uiQqpuiquipdq\u& 
2Uipdi5uiQ huiuui^uidprupjuiQ uputuquiQiSuiQ huipghpp, rquqhuqp pufrhQ puiqiiuippi[ inhuuilpuQ JuQqhpQhp, hQ^iqhu Quih uultqh 
iva\\ huiulpuQuiQ iJhq 2P2uuquiinnq ll2pjuiphp: ^pui huiiiuip uihuQhQp ph hQiqhu t pii&q'rmS uijq hiQqhpp ^uijlpulpuQ 
huipuiphpuilpuQiupjuiQ huunmlj inhumpjuiQ lihg: 

(1.7)-pq puidQnuS uipfruifrU 1 ui& hplpu pQhpgpuq huiuuilpupqhpp ppuip QlpuuiiSuiup niQhgui& mqhq U huilpuquipd 
huipuiphpuilpuQ 2uipduuiQ uipuiqiupjniQQhpp uiQhuuluiuuipmpjuiQ huipgp uiQhpuidh2Ui t huiQquuSuiQnphQ pQQuipqtq hhinuiqui 
uiQhuiulRugnqmpjniQQhppg tunuiuiq^ihpu huiiiuip: Uhp uinopjui ihupdjig U lipQ^h uijdii pQqmQ^uifr iU2paiuphp IphqhlpuquiQ lihp 
pupnQnuSpg hhinhmiS t, np hpuip Qlpuiniiuiup huuipQpuig huipuiphpuilpuQ 2uipdi5uiQ iihg quiQUnq hplpu pQhpgpuq 
hwuwlpiipqhpp niqpq h huilpuquipd* (v h vj huipuiphpuilpuQ uipuiqiupjniQQhpp puiguipduili uh&mpjniQQhpp iqhinp t iJiQhQ 
hpuip huiipuuuip U nupppuft phQhQ hpuip huilpuqpp niqqmpjuiiip: UuiphuuiinhlpiphQ qui quipuiuihuijuiilp uijuiqhu. 

v' = -v 1.8-1 

M^qhu hphmiS t (1.7 - 10)-ru[ u (1.7 - ll)-ru[ uipi[ui& puiQuidhhppg, ^uijlpulpuQ huipuiphpuilpuQiupjuiQ uihumpjuiQ uh$>, 
uiuQQuipQqhuiQmn qtuqpnui, huilpuquipd uipuiqmpjmQp jp puiqMiqnupnuS huijtqhuijhQ uiQqpuiquipduuiQ huiqui^uidprupjuiG 
(1.8 - l)-ru[ uipi[ui& ophGppG, uijupGpG uijG pauipauiq'nHS t: f'huipliti uijq q'luiuinp jp huiquiumiS iShp uinopjui qhGuuidinpdpG, 
puijg &uijpuihhq ujuipuiquiGtipniG (<l>npp Il2tuuiphnu5) , hpp 5*0, uijG ^p uiuihuiuiGq'nHS: 

Cuqq&md 1-16 - ■iiuliwrpiipd wpwqmpjniGGbpp luGhwGw^wipmpjwG ipiuump dp2in t nj iSpwjG pGbpgpwi 
hwGwhwpqbpp ppiup GbwmiSwiSp niGbgrnir mqpq L hwhiuqiupd hwpwpbpwbwG wpwqmpjiuG hwGwp, wji hwiSiudwjG 
(pGqq&mrf 1- 10)-p, uijG tffein t GwL gwGhiugwd pGbpgpwi hwGwhwpqniG hwiSwjwhiuG 2UjpdGnq ipnpdGiulpiiG iSwuGpbp 
uipiuqnipjwG b uijq ipnpdGiubwG iSwuGpbp hwjbiwjpG wGqpwqwpdiliud 2iupdGwG wpwqnipjwG hwiSwp: 

<huiUuipuip iShGp ujbuip t hui2Uii[bGp uijG Guipp hhui, np uuShGuipQqhuiGmp qbuipniiS (oppGuiq uiuippuiquiG uuiuGpqGhpp 
pmj|^ q^ntuuiqqhgmpjniGGhpp qhuipmii U uijpG), uiuipui&mpjuiG huijtqJiuijpG uiGqpuiquipdi[ui& 2UipdiSuiG (1.8 - lj-nq 1 uip^uift 
uipuiqnipjuiG huiquijuupnipjuiG ophGpp U uiji^ ^pqpquiquiG iSadnLpjiuGGhpp «uiqGhuijui» huuSuijuupnipjiuGGtipp quuS 
huiqui^uidpnipjniGGhpp GiujGu}hu quipnq hG ju}uihu}uiGq'ti[: 

npujhuqp quipnquiGuiQp 2 ul P nluul 'l D l hmjoiuijpG uiGqpuiquipdi[ui(J 2UipdiSuiG uiGhuuSuijuupnipjuiG dpuiuuip puiQuiquiquiG 
hhuiuiqnuimiip, iShQp ujbuip t uuihiiuiQhQp huiquiqpp pQhpgpuq huiuuib.uipqhpp, hQju}hu Quih mqhq h huiquiqpp pQhpgpuq 
huuSuilpjjpqhpnuS iSJihQnijQ J>hqhliuiquiQ uh&mpjniQQhpp hpuippg uiuipphphpii huiiiuip lihQp u}huip t uiuijiSuiQuiq'npq'hQp 
oqinuiqnp&h|^ uiuipphp Q2UiQuilpiuSQhp: 
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UoihduiQnuI 1-2 - bpb bwdwjwbwG K' b K JiGbpg/iwi hwdwuwpqhpq (wpifilj bwd dwpji/ib) dbGp hwdwpbGp mqpq 

pGbpgpwi hwiSwlpiipqbp, www wjq pGhpgpwi hwdwbwpqbpfi Guwmdwdp mwpwdmpjwG hwjbiwjpG wGqpwqwpddwd 
pGbpgpwi hwdwbwpqbpp ilbGp bwGdwGGGp hwbwqfip pGbpgpwi hwdwuwpqbp: bi npu/huqfi wjq mqfiq L hwbwqpp 
pGbpgpwi hwiSwbwpqbpp hwpnqwGwGp ppwppg mwppbpbi, wjumhbmb b iSfew, pum wGhpwdb2wmpjwG, dbGp 
hoqmwqnptrbGp hbwhjwi G2wGwumdGbpp: 



fluipil pdhpgpuiL hiuiSiulpjjpqapp hiuiSiup 



<uil}uiqpp pQhpgpun hiuiSiulpjjpqapp hiuiSiup 



1.8-2 



hub npwbuqfi, mqfiq L hwbwqpp pGbpgpwi hwdwuwpqbpmd, iSbGp bwpnqwGwGp ifinpdGwbwG dwuGpbp pGmpwqpnq 
pnpip $>fiqfibwbwG db&mpjmGGbpp GmjGwbu ppwppg mwppbpbi, uiww qpwGg hwdwp bu dbGp boqwwqnp&hGp hbwbjwi 
GdwGwwfiw G^wGwbmiSGhpp. 



♦ flqpq pGbpgpwi hwdwuwpqbpmd 
K mqpq pGhpgpuiL huniuiu.iupqniu' 



chuiSiuGiulj 


7 


SuipuidnipjniG 


X 


lIpuiqnipjniQ 


it 


Upuiqiugniu' 


it 



K ninjiri pGhpgpuiL huniuiu.iupqniu' 



d-iuiiiuGiuli 


7 


Suipui&nipjniG 


X 


UpuiqnipjniQ 


it 


Upuiqiugniii 


dt 



1.8-3 



♦ hwbwqpp pGbpgpwi hwdwuwpqbpmd 



K huilpxin.pp pGhpgpuiL huiiiuilpxipqnui 



K hiulpnqpp pQhpgpun hiuiiiulpupqniii 



c 




chuiiiuGiulj 


t 


SuipuidmpjniQ 


< / 

X 


UpuiqnipjniQ 




Upuiqiugniii 


% = jo. 

it 



c 




chuiiiuQiuli 


t 


Suipui&mpjmQ 


X 


UpuiqnipjniQ 


dt 


Upuiqiugniii 


dt 



1.8-4 



UjGmhbwb i/hphfehinrf, np K pGbpgpwi hwdwbwpqfi Guwmdwdp K pGbpgpwi hwitwbwpqp 2wpddwG v 

hwpwpbpwbwG wpwqmpjmGp iSbGp wGUwGbi tfiGp mqpq hwpwpbpwbwG wpwqmpjmG: hub pwGfi np K pGbpgpwi 

— > 
hwdwbwpqfi Gbwmdwdp K pGbpgpwi hwdwbwpqfi v hwbwqwpd hwpwpbpwbwG wpwqmpjmGp jjfiqpqwwbu qw GmjG 

wpwqnipjmGG t fiGj np K pGbpgpwi hwdwbwpqfi 2wpdiSwG wpwqmpjmGp K hwbwqfip fiGbpgfiwi hwdwbwpqfi 
Guwmdwdp ( v hwbwqpp wpwqmpjmGp ): -Ibwbwpwp mqpq b hwljwqwpd hwpwpbpwbwG wpwqmpjmGGbpfi hwdwp 
GmjGwbu tip2m bG hbmbjwi G2wGwbmdGbpp. 



fliqpq hwpwpbpwbwG wpwqmpjmG 
■iwbwqwpd hwpwpbpwbwG wpwqmpjmG 



1.8-5 



Jliumfi, hwdwdwjG (1.7- 10)-/ U (1.8- 
dp2w bG hbwbjwi wnGjmpjmGGbpp. 



5)-fi, mqpq b hwbwqpp hwpwpbpwbwG wpwqmpjmGGbpp hwdwp GmjGwbu 
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< 


v = 

— > 

V = 


— > 
V 


1+4 

V 


1+4 



1.8-6 



UbGp iqbinp t GmjOigbu pGqniGbGp, np bpb pnnip mq[iq JiGbpgpwi hwiSwbwpqbpp pwdwpwpmd bG (1 - c i-)-nd inpdwd 
ubqpGwbwG dpttiub[i upnjdwGpG, uiujiu pGmbwGiupwp pnnip hwljiuqpp /iGbpg[iwi hwtfwljiupqhpp' wjupGpG hwjbiwjpG 
wGqpwqwpddwd pGbpgfiwi hwdwbwpqbpp hu wbwp t piuGiupwpbG GmjG ubqpGwlpuG dptiwbp u/wjdwGfi: 







bpp t = t = t =...= uiujiu t = t = t -■ 

■ibuibuipwp niqfiq b hwl]wqpp fiGbpg/iwi hwUwl]iupqbpp ubqpGiubbmbpp wbwp t hwdpGl/Gnirf bG ppwp hbin 
mwpwdnipjwG bbwniiS: 



1.8-7 



QGqq&niu 1-17 - ([.S-2)-nd, (1.8 - 3)-jj</, (1.8 - 4)-nd b (1.8 - 5)-nd wpdwd fifiqJibwbwG iShdmpjmGGhpp i[pui 
qpdwd Ghwp G2wGGbpn, rf/iwjwdi $>[iqJil]wbwG inwpwdmpjwG itbp, jbG G^wGwbmd ' mqqmpjniG gmjg wdnq dbbwnp, wji 
iquipqwiqbu Gbwpwqpmd bG wjG ipwump, np ^wpdnitlGbp/ig rfbl/n dbGp wwjdwGwbwGnpbG pGqniGbi bGp np mbqp t niGbGmd 
mqpq fiGbpgliwi hwdwbwpqnid, pul] djmup ' hwbwqpp (mwpwdnipjwG hwjbiwjpG wGqpwqwpddwd) pGbpgpwi 
hwdwljwpqmd: hul] bnwjwip inwpiudnipjwG itbp dbl]mnpp GjwGGbpp puljwwbu bpGmpiuqpbG dbl]innpwl]iuG j}/iqfibiubwG 
dbdnipjmGGbpfi mqqmpjniGn wmpuidnipjuiG dbp: 



^uiuuiduijQ (qQqqdmii 1-10)-p u (1.8 - 5)-p, K' u K mqpq U huilpuqlip pQhpgpWL huiuuilpxipqhpmu IpuiSuijuilpxiQ 
ipnpiiQuilpiiQ liiuuQpqp mqpq U mulpuqfqi uipuiqmpjmQQhpp lipjU QmjQuphu uihqh mQhQ (1.8 - 6)-pQ huiuujQuujQ hhinujuq 
umQynpjmQQhpp. 



< 


u — 

w — 


— > 

u 


u 


< 


— » 
u — 

— > 
w — 


u 


1+4 

— > 


1+4 

w 


1+4 


1+4 



(1.8 - 8)-pg hhinhmu t, np IpuuuijuiluuQ w inhquilpuQ uipuiqmpjuiQ hiuiiuip uhQp IminuiQuiQp (1.7 - WJ-nq' inpipii& 
uinQynpjmQp ilhlpnnpuilpuG Q2iuqpmpjuiiip. 



1 +s 



l)( 



1 +s- 



1 



1.8-9 



Ujdii oquiqMqmJ (1.8 - 3) -nil U (1.8 - 4)-n4 uipipij& Q2UiQuilmuSQhppg, pQjiqhu QiuU (1.8 - 8)-m[ inpipiifr ipnpdQuilpiiQ 
uuiuQpqp mqpq u huilpuqlip uipuiqmpjmQQhpp iSpjU hquid uinQynpjmQQhppg, qinQhQp K 1 U K mqpq h huilpuqhp pQhpgpuq 
hunSiuqujpqtipnnS, lifiUCimjli LpnpdGuilpuG iSiuuQJiqp uiQgui& duiiiuiQuiqp U inuipuidmpjuiG lipgU hquj& uinQ^mpjmQQhpp: l-piu 

hunSiup hQpiuqphQp np K U K hiulpuqlqi {lQhpgpuq hunSiuquipqtipnnS 2iupdqnq ipnp&GiulpiiQ liumQfiqp uiQgui& dunSuiQuiqp U 

— »' — > 
inuipiu&mpjmQp, unShQujpQqhuiQmp qbiqpmiS, qiuJuL[uj& hQ K U K mqpq pQhpgpuq huniuiquipqhpmii QmjQ ipnpfiQujquiQ 

\5uiuQpqp iuQgui& diuiiuiQiuqpg U inuipui&mpjmQlig hhinUjuq qhpiq. 



K U K pQhpgpuq huniujquipqhpp lipgU 



ct = %Act J + $ 2 x 

X = r\Act J +T]2~X 



K U K pQhpgpuq hunSiuqiupqlipp iSpjU 

ct = £,\{cT\ + &~x 
x = T}i[c~t) +r\ix 



(1.8 - 10)-p lihg oqinuiqnp&qiu& (£1,^2) li (j\i,i]i) uiQhuijin qnp&uiqpgQhpp Ipulmluid jhQ mqpq quid hiuqiuqjip 
pQhpgpuq huniujquipqtipp pQinpmpjmQpg, pQjiqtiu QiuU qpuiQp Ipulmluid ^hQ pQhpgpuq hiuiiiuqaipqtipp huipuiphpuiquaQ 
ujpujqmpjmQQhppg: Uhp QujuiinujqQ t npn2h|^ uijq uiQhuijin qnp&uiqpgQhpp: f l-pui huniuip oqinuiqnp&hmq (1.8- 3)-m[ U 
(1.8 - 4)-m[ uipqui& Q2UiQujqmiiQhpp hui2ilhQp hunipQpuig 2uapdilnq LpnpdQuiqujQ iSuiuQpqp uiQgui& 6ujQuiu}Ujphp K' U K 
mqpq U hiulpuqlqi [lQhpgpuq hunSuiqujpqhpp upjh hhmhjuq Iphpiq. 



1.8-10 
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K U K mripq pQhpgpun huiiiuilpupqhpiuii 



K U K huilpjaijpp pGhpgpuiL hiuiiuilpiipqtipnui 



x — u t — 



(1.8 - ll)-nil npn2ipnfr uiuipui&nipjuiQ uinuiGgpiupiltipp lupdhpGhpp inhipxniphpiil (1.8 - 10)-p lihg, iSUGp IpnniuGuiGp. 
K U K pGhpgpuiL huiiiuilpupqtipp lipjU AT U K pQhpgpui^ hiuiSiulpjipqhpp iSpjL 



ft + 



ftf)( C 



$1 + 



^f)( c7 ) 



t(yO = (V+^t)(c?') 



f( c r) = (, 1 + , 2 f)(c?) 



1.8-11 



1.8-12 



(1.8 - 12)-p lihj, hpqpnpq huiqMjjuuipmiSQtipp puiduiGhpiq' luniujpG huiqMuuuipniiSGtipp djiiu, iShGp IpnniuGuiQp K h K 

— »' — > 
hiuquiqpp pGhpgpuiL hiuiSiulpjjpqhpnuS ipnpdQuilpuQ liuiuQpljp 2uipdiiuiG uipuiqnipjmQQhpp uipiniuhiujinU 1 ui& K U K niripq 

pGhpgpuiL hiuiiuilpxipqtipnLii GmjG ipnpdGuilpuG liuiuQpljp 2uipdiiuiG uipiuqiupjiuGGhpnil. 



JJl + IJ2- 



f/1 + I?2" 



<iun5hiSiuinhpiq' (1.8 - 13 )-ni4 uiniugiufr uiprymGpp (1.8 - 8)-nil inpipufr hiuquiqpp uipiuqnipjuiG puiGiudUhpp hhin, dhGp 
iSpuipdhpnphG quipnq hGp npryhL (1*1,^2) U (t)\,t]i) uiQhiujui qnp&uiljpgQhpp, npnQp liniQUQiuQ hhinUjun uipdhpQhpp. 



ft - 1 



iji = 

Jf2 = -1 



(1.8 - 14)-nil npn2ipn<* ^ 1± ?? qnp&uil}pgQhpp lupdhpGhpp inhquniphpiil (1.8 - 10)-p lihg, GhGp IpnnuiGujGp hplpu AT U 

K hiulpxirGip pQhpgpun huiiiujl}uipqhpnLii dinpdGiulpjjQ iSiuuGpqp uiGgui& dunJuiGuiqp U iniupiufrmpjuiG Ipiiiqp K U K nu]pq 
pGhpgpuiL huiiiuiljuipqtipnui GmjG ipnpdGuilpxiG iiuiuGpl[p uiGguifr diuiSiuGuilip U uiuipui&nipjuiG hhin. 



K U K pQbpgpun huiiiuilpiipqtipp lipgli 



K W K pGhpgpuiL hiuiSiulpjipqhpp iSpjL 



Ct = ct + sx 



ct = ct + sx 
x — —x 



(1.8 - 15)-pg GhGp IpnniuGuiGp K' U K mqpq U huilpurGip pQhpgpun huiiiiulpiipqhpnLii 2uipdd 1 nq UinpdGuilpjiG iSiuuGpqp 
dun5uiQuil}p U uiuipui&nipjuiQ ijp^hphQgpunQtipp htunLjuiL Iprnqp. 



K U K pQhpgpun huiiiuilpiipqtipp lipgU 

J cdt = cdt + sdx 
ax — —ax 



K U K pGhpgpuiL huiiSuiUuipqapp iSpjU 

J cdt = cd t + sdx 
dx — —dx 



1.8-13 



1.8-14 



1.8-15 



1.8-16 



Oquiq'hpiq' (1.8 - 15)-pg lihQp Ipupnq hQp npn2bt QiuU K U K mqpq pQhpgpun himSuilpjjpqhpnuS 2iupdilnii ipnpdQuil}iuQ 

iJiuuQplip uiQgiu& diuiiuiQiuqp U iniupiu&nipjiuQ l}iuu}p K U K hiuquiqpp pQhpgpui^ hiuiSiuquipqhpniiS QnijQ LpnpdQuiqujQ 
iSuiuQpqp iuQguj& duiiiuiGiulip U iniupui&nipjuiQ hhui. 



K U K pQhpgpun huiiiuilpupqtipp lipjU 



K U K pQhpgpun hunSuiqujpqtipp iSpjU 



Ct = ct + sx 
x — —x 



ct = ct + sx 



1.8-17 



(1.8 - 16)-pQ huiiiiuQiiuiQ, (1.8 - 17)-pg lihQp quimuQiuQp K' U K mripq U hiuqiuqpp pQhpgpun hunSiuqujpqtipnnS 
2uipdd 1 nq ipnp&GuilpuG iiuiuQpl}p duiiiiuQuilip U inuipiudiupjiuQ qp4)^>hpti(igpuip3hpp hhLtilijunl}iuu}p. 
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K U K pGhpgpuq huniuiquipqQpp lipgU 

\ cdt = cd t + sctx 
dx — —dx 



K U K pQhpgpuq hiuiSuiquipqhpp iSpjU 

J cdt = erf f + .srfx 
rf? = -a*x 



Oqini[hpiil K' W K mqpq U huiquiqpp pQhpgpuq huiiSuiqiupqapnuS (1.8- 3)-ni[ U (1.8 - 4)-ni[ inpi[ui& q^inp&QuiquiQ 
iSuiuQpqp lupuiqnipjniQQhpp uuihiSuiQnnSpg, lihQp (1.8 - 16)-pg U (1. 8 - 18)-pg quipnq hGp npn2tq mqpq u huiquiqpp 
duu5uiQuiqQhpp qpq^GphQgpuiiGQpp lipgh hqui& hhuihjuq quiiqp. 



K U K pGhpgpuq huiuuiquipqhpp lipgh 



K u K pQhpgpuq huuSuiluupqhpp iSpjU 



it' = (l+S-^r\d~t' 
d~t' = (\+s-*f\d*t' 




1.8-18 



1.8-19 



Cuq.q&mu' 1-18 - (1.8 - l5)-nU 6(1.8 -ll)-nU uuiiugdmd mpiyniGpGbpii Gnp imju bO uUinmrf $>pqfiljuijmil 
hwjmGwphpilw& hwdw^wipnipjwG pjuipjinduiG (P hwGw^iuipmpjwG JiiwfumGwG) ipwuuip dpw: 4wGwdwjG ■dujqwbwG 
hwpwphpiulpiiGmpjiuG hwmml] mbumpjwG, /y GbbuiwpwbuiG $>pqJihiulpiiG iSbdmpjmGGbpp (dwiSwGwbp, qwGqi[wdp, 
LwqpwGdpwGp b wjiG...) mwpwdmpjwG hwjbiwjpG ujGijpiuijujpddiud pGbpgpwi hwGwbwpqbpniG, p iniuppbpmpjmG tupqp 
$>pqpbwjp upuuiqbpwgiSuiG, qhnqhnfudniii ' bG: XjGwGwujbu hwjb{wjpG wGqpwqwp&GwG qbiqpmd dbqmnpwqwG fypqJiqwbuiG 
GbdnipjmGGbpp (mpmqnipjniGji, wpwqiugmGp, pwipp b wj[G...J, pwgp niqqmpjniGji 2fl2bpiig, qpwGg pwgwpdwb 
iShdnipjmGGhp[i GmjGiqbu UinUinpjdmd bG: fiul] npn2 fypqpqiubwG Gb&mpjmGGbp ' qnpdnqmpjwG pGmbqpuqji, tGhpqfiuiG b 
wjiG, hwjbiiujpG wGqpwqwpdiSwG qbuipmd GGniiS bG wGipnipnpj (hwdbidmir 2): 



X>2hQp np (1.7)-pq puidQnuS uuiuigihiifr prqnp puiQuiduhpp lihQp quipnq hQp qptq QnijQmpjuiup, QpuijQ uijQ 
inuipphprupjuuSp, np mqpq uipuiqmpjmQQhpp huiuuip qoquiuiqnp&hQp mqpq 4kll mn I 1 P Q2uiQp, put} huilpuquipd 
uipuiqmpjmQQhpp ]muquiQ2UiQp q'lnniuiphQ qoqinuiqnpdhGp huiquiqpp qMjlpnnpp Q2UiQp: 4uiuhQuijG qhupi lihQp uiGhpuidh2Ui 
hup huiiSuipnui npn2 puiGuiduhp lihjphptq uijuinhq ilh'l mnnul 'l UJU Q2Uiqpnipjuiiip , npnQp lihQp oqinuiqnpfrtqm hQp uiju h 
hhinuiqui puidhQGhpnui: 

Q-phQp dhuiq^nhimpjuiQ nprypjhhpp iShjh (1.3 - 30)^4 uipq\u& uinQyupjiuup. 



d(j)d(v) 



1 



"bmjQiqhu qphGp (1.7 - 19)-m[ inpipxid huuluiuuipnuiGhpp huuSuiluupqhpp uinuigpG huuluiuuipnuiQhpp. 





^<v) = 7 x 7 )( i+ 4 + ^)* 




<^)^ 2 ( v )( i+ 4 + ^)*° 



Q-phCip Qiuli (1.7 - 12)-n4 irqupufr uinQjmpjniQQtipp l}aiuaijiul}ai(i w mqpq U hiul}iuqpp uipiuqiiipjiuQ huiiiiup. 






t>Q^u}hu QuiU qphQp (1.7 - 13)-nL[ uipOjiuft lunQ^nipjniQQhpp qiuiiuijuiqujQ w mqpq U hiuqiuqpp uipiuqiupjiuQ himSuip. 

y(w~)w = — -^-y(w*)w 

(is. W J 

y(w)w = — -)^-y(w)w 
d[w j 



1.8-20 



1.8-21 



1.8-22 



1.8-23 
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IphGp Qiuli i^hl[uinpuil|uj Q Q2iuqpnipjaiup (1.7 - 17)-ni[ inpi[ui& hhinUjiu^ quipLnp uinGyupjniGp. 




1.8-24 



Ujdii oquiqMipiq' (1.8 - 3)-ni[, (1.8 - 4)-ni[ U (1.8 - 5)-ni[ inpi[ui& G2iuGujlpui5Gtippg, qphGp (1.7 — 48)-niJ uipijuj& 
<uijquilpiiG huipuiphpiuquiGmpjuiG huiuimq uihuiupjuiG niqpq U hiuquiquipd dUiuipn[unLpjuiQ hiuqMuuiupnuiGtipp 

ilhqinnpiuquiQ Q2iuqpnipjuuSp, lipuijQ K U K niqpq pGhpgpuq huiiiuilpupqhpp lipjU: 



1. -iuijlpiibuiG dbiuipn/iimpjiuG nini/iiiuiiipmiSGbpn K b K lipiujG mijpij pGhpgpwi hiuiSwbiupqhpp Gfipb 



fluipq dUiuUin[unipjni(iQhp 



1 +s- 



r(v)[( 



t +g 



m 



^uilpiiquipd dUuupnJunipjniQQhp 

r = r (v)[(i + 4)/ + ,J?'] 

-> /<-\/V <--> ,N \ 
x = yl v )[ x - v t 1 



1.8-25 



CGqq&nuI 1-19 - (1.8 - 25)-inpi/iu& mqpq dbiuifinfumpjiuG hiuiliuuiupmrfGhpp rfhp bppwnhiml (1.8 - 20)-m/, 
(1.8 - 21) -ni[, (1-8 - 22) -m/ U (1.8 - 23 )-m[ mpijiud pwGwdbbpn num luGhpiudhjuimpjiuG, iSbGp biimwGiuGp 
(1.8 - 25) -inpOwd hiubwqwpd dUwipnpjmpjwG hwOwuwpmGGbpn: ^binhuipiup (1.8 - 25) -m/ wpOwd mqpq b hwbwqwpd 
dbiuipn[unipjiuG hwGwuwpmiSGbpn fapbGg Gbp hwhwumpjmG jbG wwpmGwhmG: 

Ujchi lihQp guiGlpjjQnui hQp uinuiGuiL ^uijquilpiiG huipuiphpuiquiGnLpjuiG huiuimq uihuiupjuiG (1.7 - 48)-ni[ inpipufr nLqpq 

<— ' <— 
U hiuquiquipd dUuiipnJunipjujQ hiuqMuuiupnuiGtipp qMjlluinpuilpiiG G2Uiqpnipjuiiip, iSpiujG K U K hiulpxiqpp pGhpgpuq 

hiuiSiuquipqtipp iSpjU: ^pui huiiiuip iuGhpuidh2in t (1.8 - 25)-ni[ inpipufr mripq U hiuquiquipd dLuiq'inhiiupjuiG 

huuluiuuipnuiGapp uh$> lippuintq duiuuiGuiljp U uiuipui&nipjuiG (1.8 - 15)-ni[ U (1.8 - 17)-ni[ inpipiifr huijtquijpG 

uiGqpuiquipduuiG dUuupnJunipjiuQ huiqMnuuipiuuGhpp, pQjiqhu GuiU oqin^tq (1.8 - 20)-nq\ (1.8 - 21 )-n4, (1.8 - 22)-ru[ U 

(1.8 - 23)-ru[ inpi[ui& puiGuidLappg puin uiQhpuidti2UinipjuiQ: Ujq pnpipp Ipiunuiphpug htunn lihQp IputiuiGuiQp hhuiujuq 

dliUiqhnpanipjuiQ huuluiuuipnuillapp: 



2. -(lujbiiibiuG dbwihnfumpjwG nwi/wuwpmiSGhpn K h K dhwjG hwbwq/ip pGhpgpwi hiurfiubwpqhpp rfpph 



flinpq dUuiLpnpanipjniQQtip 

V' = r(v)(V - g^t^ 

"x = /(v*) ( 1 + S^r )V + "vV 



<uilpiiquipd dUuupnJunLpjniQQtip 

(V)[(i + 4)t' + VV'] 



x = y 



1.8-26 



IlnuiQdGuilip htunuippppmpjiuG t QhplpujuigGnuS qptq 4,uijlpuquiG dUiuq^npampjuiQ huuluiuuipnuiGapp hiuliuiiipp U mripq 
pQhpgpun huiiiuil}iupqtipp lipgU quid mqpq U huil}iuiipp pQhpgpun hiuiiuiquipqhpp lipgU: O-piu huuSuip iSUQp, puui 
uiQhpuidh2uinipjuiG, QmjQa[hu iqhuip t oqmq^tiQp (1.8 - 15)-ni4 U (1.8 - 17)-n4 uip^uift huijhpaajpQ iuQqpuiqujpd4uj& 
dliiuq^npampjuiQ hiuq^iuuiupniiiQtippg, pQ^iqhu QiuU (1.8 - 25)^4 U (1.8 - 26)^4 uipdjUift 4,uijl}iuquiQ dUiuq^npampjuiQ 
hiuq^iuuuipniiiQtippg: lljuiqpun^ iShQp l}uinui(iuiQp hhinUjuq dUuiLpnpanipjuiQ hiuq^iuuiupniiidtipp. 

3. -iiujljiubiuG dhiui[infunipjiuG hiuGiuuiupmiiGbpn K hiubwqpp h K mqpq pGbpgpiui niuiSwl/iiipqbpp dppb 
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u 


x = -y(V)(t'- W J 



1.8-27 



4. 4mjbwl]uiG dbwipnpjmpjiuG hwGwuuipmiSGbpp K mqpq L K hwbwqpp fiGbpgpuii hwu"wbwpqbp[i iSppb 



t = y 






§) 



l]H 



_ r ( V )[(i + 4y + vv'] 



EGqq&md 1-20 - (1.8 - 25)-/zz/, (1.8 - 26)-/«/, {\.%-21)-nGb{\.%-2%)-nGuipGmd <mjbmbmG dbimpnpjmpjwG 
hwilwuwpmiSGhpp iSbGp bwpnq bGp qpb[ Gwb wpwwhiujwGw& Ijiuii iSfiwjG v mqpq hwpwpbpwl]iuG wpwqnipjwGp bwG 
ilfiwjG V Auibwqfip hwpwpbpuiljwG wpwqmpjuiiSp b Ipuii t[ npbt mj[ wuippbpuiljnU: 

llpdh ilhlpnnpuilpjiG G2UiqpmpjuiiS qptq GuiU uipuiqmpjmQGapJi qnuiiupiSuiG U muGiiuiG puiGuidLDpp: ^pui huiiiiup 
ujpiuqmpjmGGQpp (1.7 - 24)-nq\ (1.7 - 25)-m[ U (1.7 - 26)-m[ inpipiifr puiQiudUhpp iSq$> qppuintqml mqpq u hiuquiqpp 
ilQlpxuipuilpjaG Q2Uiqpni_pjniQti, lihQg ImuiiuQuiGp. 



♦ UpuiqnipjmGGbpp qniGwpiSwG piuGuidbbpp 
w mqjiq uipuiqnipjujQ hunSuip 

, -jl + ^+sM. 



i-g^f 



w hiuliiur^Jiii LupiuqnipjiuQ hiuiSiup 



i-*-*f 



1.8-28 



1.8-29 



♦ UpuiqnipjmGGbpp huiGduiG puiGuidbbpp 
u mqjiq uipuiqmpjuiG hunSuip 



W + V + s - 



u — 



l-g- 



u hiulpjjqpp uipuiqmpjum hunSuip 



1-g- 



1.8-30 



♦ UpuiqnipjmGGbpp dbwipnfuiSuiG uiji mwgmgfc piuGuidbbpp 

v mqpq uipuiqnipjujQ hunSuip V huiljuiqpp uipuiqmpjum hunSuip 



w + u + s - 



l-g. 



w + u + s - 



l-g. 



1.8-31 



f*ulj (1.7 - 31)-m[ inpipiifr prqnp y qnp&ujlipgQhpp dUui^mJunipjniQQlipp lihg GmjGujQU liJipumtqml mqpq u huilpjjqlip 
UblpnnpuilpjjQ l^umpmpjmGp, lioGp ImuiiuQuiGp. 

i) r(v) = r(«)r(w)(i-^) 



< 



< 



2) r(«) = r(V)/(w)(i-g-^f) u 

3) r(w) = r(v)r(T?)(i-g^f) 

Oquiq'tqnq' (1.8 - 30)-pg U (1.8 - 32)-pg lihQp u mqfiq U huilpuqpp ujpuiqmpjmQQhpp huuSiup IminuiQuiGp 



4) r(V) = r(«)r(w)(i-^) 

5) r(«) = r(v)rC0(i-^f) 

6) r(^) = r(V)r(V)(w^f) 



1.8-32 
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r(") = r(V>(w)( w S2-) fr(") = r(v>(^)(i-^) 

— ► u 1 

y(~u}~u = ffVjyfw) ( w + V + .v-^- ) /('«"') «" = /fv )y(vv) ( w + ~v + S—. 

\>ihuQuiiuhu oqini[hpiil (1.8 - 29)-pg U (1.8 - 32)-pg iShQp R> ninjiq U huilpxnipp uipuiqnipjniQQhpp huiiiiup IpnniuQuiGp. 

r(w) = /(v)r(«)(i-g^f ) J r(w) = /(V) y (t)(i -g^f ) 

7(i«)w = 7(vV(«) i?tv+s-y- y(w)w = y(V V(w~)( «" + V + s-^- J 

bqpiuljiugnLpjniQ 1.8 - (1.8- l5)-nU b (1.8- ll)-nd wpdwd dhwipnfumpjwG hwdwuwpniGGbpp hwGqpuwGniiS bG 
wG/iupd pGbpgpwi hwiSwbwpqbpp U qpwGg hwjbiwjpG wGqpwqwpdGwfr pGbpgpwi hwiSwbwpqbpp iSpgh 4wjpwbwG 
dbwipnpimpjwG hwGwuwpmiSGhpp: hub (1.8 - 25)-nG, (1.8 - 26)-nd, (1.8 - 21)-nG L (1.8 - 28)-nG mpGw& dbwipnpimpjwG 
hwdwuwpmdGbpp hwGqpuwGmd bG bpbm 2wpddnq pGbpgpwi hwdwbwpqbpp dpph ■iiujhwbuiG hmpmpbpiulpuGmpjiuG 
hwmmb mbumpjwG mqpq b hwbwqwpd dhwipnpmipjwG hwdwuwpmdGbpp jnpu wwppbpwbGbpp: 



1.9 - ^uipuiphpuiljuiQnipjuiQ ^Jn5Quir] : ]inijp]i Oquiuiqnp&miSp 

d-unJuiQuiquiuiuipui&nipjuiQ U]i2uil[uijp]i ^u^ijiSuiG ^uitfuip 

lIpnhG iSUQp uiuh^tpQp li pQ^ujbu rpu hhuiliniii t QiuU (1.8 - 25)-ni[ inpipiifr <uijlpjjljuiQ huipuiphpiulpuGnLpjuiQ huiinniq 
inhunipjuiG 6UunpnJunipjuiQ InuqMjjuuipnuSGtippg, lihq liGnuS t npn2GL iSpuijG y(~v) It yCv) qnpfriuqpgGDpp: 'l-pui huniuip 
iShq uiGquiiJ Uu iSbQp iqhinp t oqinilhQp (1 -P)-n4 uip^iuft hpiiQuiqpnijpQhppg, pphQg uiiihQuipaajQ pGnxyilpuunil: 

\>ui{u oquiq'hQp (1 - P)-ni[ inpipiifr hpqpnpq hpiiQuiqpmjppg, huniuiduijG npp diuiSuiGuiljp pnpip pQhpgpuq 

himSiulpjipqDpnuS «hnunui» t lipUQmjQ uiphqhpiuquiQ hiuuuiuiuiniQ c uipuiqmpjimSp U Qhpqpiui[tiQp duuiuiQiuqp ilhpuiguiquiG 

tip luniuQgp, npp mQp hplpajpiupjiuG juiUinnujlpiiQnipjniQ, mnrplwfr t ilbiqp ujupuquiQ U npp inuipui&nLpjuiQ x uinmQgpp hhin 

IjuiqiSmii t l}unSiujuil}iu(i uiQqjniQ, qua|m[iu& t s U g hiuuinuiinniQ iSh&nipjniQQhppg: 4,Dinlaupuip iujij Qnp uiniuQgpp 

umiuGgpuipqMjpp K' U K mqpq U huilpiiiipp pQhpgpuq huiiiuilpxipqhpnui lihQp Ipupnq bQp uipinuihuijuiDL diuiSiuQuiljp lipgngnij 

hhinUjun qhpu}. 

— »' — > <— ' «— 

K U K nin]n\ pGhpgpuq huniuilpjapqtipnui K U K hua^unipp pQbpgpuq huniuil}iupqhpniii 

J Xq — c t J dx a — cdt ^ J x — ct J dx^o ~ c 'd t 

Xo — ct dxa — cdt x~o — ct cfxt) — cd t 

Oquiuiqnp&hpii[ (1.9 - l)-ni[ inpi[iu& Q2iuQujliniii(itipp (1.8 - 25)^4 U (1.8 - 26)^4 inpOjUift 4,uijl}iuqujQ nu]pi\ U 
hiuquiqiupd dUuiq^npampjiuQ hiui[iuuiupniii(itipp iShj, lihQp ijpuiQp quipnq hQp qpbl hhinUjun qhpu}. 

1. AutjlpulpuG dbmipnpimpjmG hiuUiuuiupniGGbpii K h K mijpij pGhpgpiui hwrfuiGwpqhpfi rfppb 

fhnjiri dUuiq^ntunipjmQQhp <uiljuiquipd dUunpnJunipjniQQhp 

?;,-/(v)[(i + 4)7„ + gf?] ^ J 7o = r (v)[(i + 4)?; )+g ^?'] 

?' = r(v)(7-f7 ) ' | 7 = r (V)(7'-^?;) 

2. ■iujjbwlpuG dbiuipnpjmpjwG hwGwuwpmGGbpp K L K hiubwqpp pGbpgpwi hwiSwbwpqbpp uppL 



1.8-33 



1.8-34 



1.9-1 



1.9-2 
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Hiripri dliUnpnJunipjniQQhp 



^uilpurpupd dUuiipntunipjniQQhp 
£o = y(v") f x„ - j-^-x J 

^ = r(V)[(i + 4) J '4^] 



1.9-3 
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\>uuiQuuqhu (1.9 - l)-ni[ inpihufr Q2UiGuilpuu(Iapp oquiuiqnp&tqru[ (1.8 - 27)-ru[ U (1.8 - 28)-ni[ inpihufr ^uijquilpuG 
dliUiipnpampjuiQ huuluiuuipnuiGtipp ua$>, lihQp qpuiGp Ipupnq hGp qpht hhinLjuiL Uhpu}. 



3. -iwjbwbwG dbwifin/unipjwG hwi/wuwpmGGbpii K hwuwqpp b K mqpq pGbpgpwi hwrfwbwpqbpp iSpgb 



t' =-r(v)(t-^ J 



x<> = 7 
x = -y 



(v)(t'-l: 



1.9-4 



4. ■(wjbwhwG 6bwipn[umpjwG hwGwuwpmiSGhpii K mqpqb K hwuwqpp pGbpgpwi hwUwhwpqbpp uppb 
?'o = r(v) {(l + ,s4)x„ + [.v + (s 2 - *)|- ]*} J ?„ = 7 (V) {(l + S^to + [s + (s 2 - g)f ]*'} 

<v)[(i + 4)t + i^o] ? = - 7 (v)[(i + 4)v + i < f; ) ] 



x = -y( 



1.9-5 



Ujdii A" U K mqpq U huilpxinpp pGapgpuq huuiuilpiipqapp uihmuGljjiuGpg qpinuipghGp U GlpiipuiqpaGp hpbni 
quiuuijuilpuG Tl\ U ^2 upuinuihuipGap, npnQp niQhG hainLjuiL dwuwQuilpiiinuipui&uijpG uinuiGgpuipqMjpp: 

♦ 'UwwwhwpGbpp wnwGgpwpUbpii K h K mqpq pGbpgpwi hwiSwGwpqhpmil 
"l l upiiinuihuipp uinuiGgpuipilQpp ^ 2 upiiinuihuipp uinuiGgpuipilQpp 



K pGapgpuq huiiiuilpiipqnui => fx^o.x^ij 
K pQhpgpun hunSiuquipqimS => (x t l0 ,x t ij 



K pGfcpgpiiq huiiiuilpiipqnui => (x^o.-*^) 
K pQhpgpuiL huiuuilpupqniu => (x^Oj-*^) 



1.9-6 



♦ 'UwwwhwpGbpp wnwGgpwpGbpp K b K hwbwqpp pGbpgpwi hwrfwbwpqbpmiS 
"l l upiiinuihuipp uinuiGgpuipiltipp ^2 upiiinuihuipp uinuiGgpuipilQpp 



K pGhpgpuq huiiiuilpiipqnui => (^10,^1) 
K pQhpgpun hunSiuquipqimS => (x~ l0 ,x~i J 



K pGfcpgpuq huiuuilpupqniu => (^20^2) 
K pQhpgpun hunSiuquipqimS => (x~ 20^X2) 



1.9-7 



bplpn "li U ^2 iquiinuihuipGDpp (1.9 - 7)-ni[ inpipnfr huilpnqhp uinuiGgpuipilQpp uipinuihuijinU 1 ui& (1.9 - 6)-nU [ inpU^nS 
mnpn uinuiGgpuipqMjpn^, huiuuiduijG (1.8 - 15)-p, IpnGGGuiG hhinUjun umGynpjnLGGDpp: 



♦ K L K pGbpgpwi hwiSwhwpqhpp iSppb 
(T 1. upninuihuipp huiiiuip 



-10 — ^lO 1 ""] 



- 1 — — ■* 1 



4l 2 upiiinuihuipp hunSuip 



► 20 — •* 20 " 



1.9-8 



♦ K b K pGbpgpwi hwrfwbwpqbpp Gfipb 
(T l l upiiinuihuipp huiiiuip 



X 10 - x 10 + SX 1 
X 1 = —X 1 



< T 1 1 upiiinuihuipp hunSuip 

J x lb ~ X 20 + .VX 2 
X~ 2 = ~~X2 



1.9-9 
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M^iqtm Qui U uijq Qmj G hplpu ^i U ^ upuinuihiupGhpp diuiSiuGiuyi U iniupiudnipjiuG luniuGgpiupilhpp 
iniuppapiupjniGGapp K' U K mnjiri U hiulpuqpp pGhpgpiUL hiuiSiulpupqtipiuiS G2 ua G UJ 'lt i GB hhtnUjui^ l}hpu[: 

♦ K b K mqpq pGbpgpiui hiudiulpupqbpmd 

ll i l U Tl 2 iquiuiuihuipQhpp uinuiQgpuipiJhpp iniuppapiupjniGp 

K pGapgpuiL huniiulpupqnuS => ~x 2 o - ?io =^0 = Ct U ~x% - "x \ - ~x 1.9-10 

K pGhpgpuiL hiuiSiulpupqnuS => x 2 q- x w = xo = ct U X2- X\ = x 

«— 

♦ K b K hwlpuqpp pGbpgpiui hmiimbmpqbpmii 

r7 l l U Tl 2 upuuiiuhiupGDpp umiuGgpujpdJjpp iniuppapiupjmGp 

K pGapgpuiL hiuiSiulpupqnui => *x 20 - ^10 = ^0 = Ct U *x~2 ~ 'x \ = x~ 1.9-11 

K pQhpgpun hiuiSiulpupqnuS => x 2 q - x 1() = xu = c t U X2- X\ = x 

(1.9 - 10)-ni[ U (1.9 - ll)-ni[ inpipufr hplpu tr l\ U ^2 upiiinuihiupQhpp mqpri U huiljiuiipp uinuiQgpuipq'tipp 
iniuppapnipjiuG Ipuiqp, hiuiSiudiujG (1.9 - 8)-p U (1.9 - 9)-p uipi[iu& aG uinnpU. 



K U K pGhpgpuiL hunSiulpupqapp lipjU K U A" pQhpgpui^ hiuiSiulpupqtipp iSpjU 




X() = X() + JI 

<— — » 
x — —x 



UuiMiuQnuI 1-3 - bpbm K' b K mqpq b huibiuppp pGbpgpiui hwiSuibwpqhpmil XI. 9 — 6)-nif b (1.9 -l)-nd mpduid 
bpljm upuuiwhwpGbpp rffipb bqwfr dimSwGwbimmupwdwjpG «hbniui[npmpjmGp», npp bwpjdwd t GpwjG dwiSwGwbp b 
mwpwdnipjwG wmiiGgpwpdbppg, iSbGp biuGdwGbGp iSpgwbwjp b bG2iuGwbbGp mjG ^wjbmbwG «h» wwnni[, npp 
hwtSwdwjG (1.9 - \0)-nd b (1.9 - 11) -nd mpduid G^wGwbmtSGbpp, wiShGwpGqhiuGmp pwmiibmuwjpG wpmwhwjmmpjwGp 
bniGbGw hbmbjwi mbupp. 

♦ K b K mqpq pGbpgpiui hiudiulpupqbpmd 

— >' — *'2 /_>' _j' \ 2 / j .1 \ / j .! \ / j .! \2 . /2 .j .> .12 

A" hiuiiiulpupqnui => 6 = F( * 2 o - x 10 ) + / M-* : 20 -x i<))(*2 -x i)+5(-> i: 2 -x i) = Fjc +Axo^ + fix >0 
K hiuiSiulpupqnuS => b =F(x > 2 o-^io) + A(x > 2 o ~ ^10 ) (-?2 - ~x\ ) + B(~xi - ~x\ )" = Fxo + A3?o? + B^? >0 

♦ AT i AT hwbwqpp pGbpgpiui hiuiSwbwpqbpmiS 
K huiiiuil}uipqniii => fr = Ff JC20 _ ^10 ) +^(^20 - -^io )(^ 7 2 - -^1 ) + B\ ^2 - -^1 ) =F*x~o+A < x x~ + Bx~ >0 
A" himSiulpupqnuS => b =F(x~ 2 o~ < xm) + A(x~ 2 o ~ ^10 ) (^2 - ?i) + B(x~2 - JCi ) = F^o + Alto^ 7 + B? >0 

flpuihq A, S U F qnp&iuljpgGapp duuSuiQiuljuiuiuipui&nipjuiQ iJpgiuiliujpp pQnipuiqpnq hiuuuiiuuiniQ iSh&nipjniQQhp hQ 
U pQuil}uiQuipuip Ipupiihud jhQ huipuiptipujl}uiQ uipuiqnipjniQQhppg: Uju Qnp qnp&uilipgGapp iShQp QnijQujtiu iqhuip t 
npn2QQp, uipuiiuhiujuitipii[ ijpiuQp duiiSuiQujl}uiuiuipui&nipjuiQ hpljpiu^iuq'iiulpuQ l}uinnigi[iu&pp pQnipuiqpnq U iShq uipntiQ pui[ 
huijuiQp s U g huiuuiiuuimQ iSh&nipjniQQtipnil: 



1.9-12 



1.9-13 



1.9-14 
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CQqq&nuI 1-21 - Ubp uiwinl]hpwgi!uii!p, bpl/m ii]wimuhwpGhpp iSpph bqiud b (1.9- 13) -ni/ b (1.9- 14) -nti wptiuid 
piunmbmuiuj[iG wpinwhiujinmpjniGn iSfew iqbinp t ifiGp qpwbwG iSh&mpjmG, npnq'hbmb wjG hwGqpuwGmu" t bpbjiuip 
diurfuiGwliiuwiupuidmpjuiG rfhp bpbm bhwhpp rffipb bqiud hbmutinpmpjiuG piuniubmufiG: hub luUhifi Upp hhwiuqnumqGhpp 
pnq 2iupmGwbbG b ipwgGbG Gbp piug pnqiu&Gbpp nGnniGbinq" np i[bpnh[i2J w L piunwbmuwjpG wpmwhwjmmpjmGp bwpnq 
IpGbi Gwb pwgwuwbiuG iSh&nipjmG: 

K' U K mnjiri h hiulpunpp pGhpgpuiL hiuuiulpupqhpp inhuiuGljjiuGhg, hplpu upuuuuhiupGhpp upgh hrpu&, (1.9 - 13)-ni[ h 
(1.9 - 14)-ni[ inpipufr upjiulpujphpp piuniulpuupG, hiuuiudiujG (1 - P)-ni[ inpipiifr hiupiuphpiulpuGmpjiuQ hpuGiunpmjpp 
umiugpG uliqpmQpp (inhu Giuh 1.3 hGpiupiudpGp), GmjGiqhu iqhinp t IpGhp GmjG ^biuGlpgpiuG, l}iujuilui& lipiujG pGhpgpuiL 
hiuuiulpupqhpp ppiup Glpuuuiiuup ruGhgiud hiuuiuuuuuuuuhuuG hiupiuphpiulpuG uipiuqiupjiuGGhppg: Piujg, piuGp np 
upjiulpujpp upupiuqiujnui, puui uiuhuiuGuiuG, uijG qiu|m[iu& jt hiupiuphpiulpuG uipiuqiupjiuGGhppg, iujl uijn $pqplpulpuG 
uh&iupjiuGp* upjiulpujpp, qui|m[iu& t iSpiujQ uuuuiiuhiupGhpp dwuiuGiulpiiiniupiufriujpG uinuiGgpuipqMjppg, hhinhiupiup 
upjiulpujpp pnpip yipu b , b , b h b uhfriupjiuGGhpp iqhinp t ipGbG ppuip huuhuuiup: UjupGpG hplpu IpuuiujiulpuG 
unuuuuhiupGhpp upjh hrpufr diuuiuGiulpuiniupiufriujpG hhrnuipipiupjiuGp prnnp pGhpgpWL hiuuiulpupqhpnui (iuqpq ph 
hiulpiinhp) hiuuuuuiniuG uhdiupjiuG t, npp uhGp l}G2UiGiuqtiGp upiujG «ti»-ni4 h uijG liiuphuiuinplpiphG IpupuuuhiujinUJi 
uijuiuhu. 



b = b = b = b = b 



lljuiqpuni[ hplpu upuuuuhiupGhpp upjh hniu& lihgiulpujpp, hiuuiudiujG (1.9 - 13 )-nL[ U (1.9 - 14)-ntl uipOjUift piuGiudhhpp, 
prnnp mnjui h hiulpiinhp pGhpgpuiL hiuuiulpupqhpmu IpuGhGiu hhuihjiUL puiniulpuuuijpG inhupp. 



b 2 = Fx + A~x ~x + B~x = Fx + A~xq~x + B~x = Fx~ a + Ax~ a x~ + Bx~ = Fx~ a + Ax ox + Bx~ > 



1.9-15 



1.9-16 



(1.9 - 16)-ni[ inpipiifr upjiulpujpp lupuiiuhiujuuupjiuGpg luniuGdQiugGhGp hhuihjiUL lunGyupjiuGp. 

b 2 = fxl + Aio-t + B'x 1 = Fxl + At t + Bx 2 > 1.9-17 

(1.9 - 17)-p lihg Lnhquiqphpiq' Cxo,x~} huil}iuiipp uiniuGgpuipq'tipp uipinuihiujimupjnLGGhpp (1.9 - 12)-pg U quiimuphpii[ 
qnp&nqnipjniGGtip, pGjiqhu QiuU ppuip huiU [ uiuuiphgGtip"ii[ (~x~ a J-p, f?o?Vp U (it J-p qnp&uil}pgGhpp, lihGp quimuGiuGp A 
uiGhuijui qnp&uiljgp uipdhpp. 



\A = Fs\ 1.9-18 



llj GmhtiinU (1.9 - 2)-nd [ U (1.9 - 3)^4 uip0 1 ui& 4,iujl}iuqujG nu]pq dUiuUinpanipjuiG huii[iuuuipniiiGtipp iShj qppuinhpii[ 
(1.9 - 6)-ni[ U (1.9 - 7)-ni[ inpi[ui& hplpu upuiniuhiupGhpp iuniuGgpiupi[tipp, pGjiqhu QiuU qppuinhpii[ (1.9 - 10)-ni[ U 
(1.9 - ll)-ni[ inpi[ui& iSpUQnijG hplpu upuiniuhiupGhpp iuniuGgpiupi[tipt uiiupphpiupjiuGGhpp, uhGp IjuiniuGiuGp uiOjun 
iqiuuuuhiupGhpp iuniuGgpiupd 1 hpp uuupphpmpjiuG mqpq dhiuipnJuiupjniGGhpp, niripri U luul}iunpp pGhpgpunhiuGiul}iupqhpniG. 

♦ UJiuijG mqfiq pGbpg/iwi huiiSwbwpqbpp rffipb 

= ^o-?lo = r(7)[(i + *|-)(i?2o-J?io) + *|-(j?2-i?i)] = r(7)[(i + *|-)?o + *|-j?] 
= ?2-?i = y(y~)\ (* 2 -^0 - -f(^2o -?io) = r(j){y- -F?oJ 

♦ UJiwjG hiubuiq/ip JiGbpgJiwi hwiSwbwpqbp[i uppb 

7 = ^20-^10 = /('v) (^2()-^lo) -g-c~Q*2 - *l) = y(j){yo- g-T**) 

^ = ^- < F' 1 -/(7)[(i + 4)(? 2 -V l ) + l(-2o-? 10 )]-r(v)[(i + 4)v + fv„] 

X>uuiGiuiqhu (1.9 - 4)-ni[ h (1.9 - 5)-ni[ uipi[iu& ^iujljiul}iuG dhiuipnhuupjiuG huuhiiuiupiuuGhpp Ghj Ijppiunhpiq' 
(1.9 - 6)-ni[ h (1.9 - 7)-ni[ uipi[iu& hph_iu upuuuuhiupGhpp iuniuGgpiupi[tipp, pGjiqhu Qiuh ljppiunhpu[ (1.9 - 10)-ni[ h 
(1.9 - ll)-ni[ uipi[iu& uphGnijG hph_iu upuuuuhiupGhpp luniuGgpiupilhpt 1 miupphpiupjiuGGhpp, uhGp l}uuuuGiuQp inUjuiL 
iqiuuuuhiupGhpp iuniuGgpiupil D PP uuupphpiupjiuG hhuihjun dhiuipnhuupjiuG hiuq'iuuiupiuuGhpp. 
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1.9-19 



1.9-20 
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♦ 4wljiuqpp L mqpq pGhpgpwi hwitwliiupqhpfi itpph 



x = 7 






1.9-21 



♦ fliilM li hwljiuppp pGhpgpwi hwiSwljwpqhpp iSpph 



?' = -r(v)[(i + 4)*+l*o] 



1.9-22 



t'ul} uijdiS (1.9 - 16)-ni[ inpipiifr iSp^uilluJJBi 1 uipuiuihuijuinipjniQpg uinuiQdGuigGhQp hhuiujuiL uinGyupjiuGp. 

ti 1 = Fx a + A~x a ~x + Ex = Fx + A~xa~x + Ex > 

(1.9 - 19)-ni[ inpipiifr (~Xa,lc J uinuiGgpuipilhpii duuiiJinpirupjuiG uipuiuihuijuinipjniGGhpp uihrpuqphpul (1.9 - 23)-p iSh$> 

U uuiuigipiid huiiluiuuipiiuiG iSh$> ppuip huiipjjuuiphgGtnnil f ? () J-Ji, (?o?Vp U f 3? J-Ji qnp&uiljligGhpp, {lQjiqhu Guilt uijq 

qnpfruiljpg Ghpp qphpn[ puui v huipuiphpuilpuG uipuiqiupjuiG uiuuipiSuiQuigmjgp uiiMuiG, iShQp IpunuiGuiGp hhinhjuiL 
huiiluiuuipnuJGhpp huiiSuilpjjpqp. 



< 



1) / 2 (7) F+{2Fs-A)^ + (Fs 2 -As + B)^- 



2) y 2 (lT) 



= F 



A + (2Fg+As - 2B)-£- + (2F.v - A)g-^- 

c 

3) r *(y)(B + Agl-+Fg^}=B 
(1.9 - 24)-ni[ iSh$> inhnuinphpul (1.9 - 18)-ru[ inpipiifr A qnp&uiljgp uipdhpp, iShQp IpunuiGuiGp. 

1) r 2 (v)(V + Fs^-+B^- i - / 



2) 7 2 00 



F.v + (2Fg + Fs 2 - 25) -£- + Fsg-^- 



= Fy 



3) r 2 (v)(6 + F S g^-+Fg 2 



B 



UjGiuhhinh hpuip ilpui puiduiGhpiil (1.9 - 25)-nil uipipJi& huuluiuuipiuiSGhpfi huuiuilpupqji IpuiSuijuilpuG hplpu 
huuluiuuipnuiGhpp U phphpul uijG pGqhuiGmp huijinuipuipji, pG^uphu Guih fipuip huiiluiuuiphg QbpnJ v huipuiphpuilpuG 
uipinqnipjuiG GmjG uiuinJuSiuQujgnijgJi qnp&uigjigGhpp, dhGp IpjuiuiGuiGp B uiQhuijui qnp&uiljgp uipdhpp. 



B = Fg 



(1.9 - 26)-ni[ npn2ilui<* B qnp&uilpgp uipdhpp uihrpuqphpul (1.9 - 25)-i[ inpipiifr huuluiuuipnuiGhpp huiiSuilpupqp npht 
hw^uiuwpiiuiG iSh$>, dhGp IpiuiuiGuiGp Y 2 (~v) qnp&uiljgh uipuiuihuijuinipjniun. 



r 2 (7) 



> o 



\+s^ + g\ 

(1.9 - 27)-ni[ npn24ui<J 7 2 (^)"P uipuiuihuijuirnpjniGp uihrpunphpul (1.8 - 21)-ni[ uipipii& d(~vj npryfop 
uipinuihuijimupjuiG lihg, hG^uphu Guih ijhphp^hpiil (1.8 - 20)-p, iShQp IpunuiGuiGp. 



rf(V) = d(v) = 1 



(1.9 - 28)-p b_hpuinhpiil (1.8 - 21)-h hpljpnpn huii[uiuuipiiuiQ iSh$> iShQp IpunuiGuiGp y 2 (VVp uipuiuihuijuinipjiuQp. 



y 2 (V) = 



> 



-jr+g- 



1.9-23 



1.9-24 



1.9-25 



1.9-26 



1.9-27 



1.9-28 



1.9-29 
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f»ul}, huniui&uijQ (1.3 - 1 1)-Ji, puiQp np y qnp&uil}pgQhpp iqhuip t lliGhQ qpuilpuG lih&nipjniG, htunloupuip (1.9 - 27)-pg 
U (1.9 - 29)-pg iSUGp qMjpjGuiquiQuiiqtiu y qnpdui qpg G Dpp huiiSuip quuiuiQuiGp hDinujuqpuiGuiduhpp. 




lIjQmhhinL (1.9 - 28)-niJ uipijui& nprypjQhpp uipdhpGDpp uiDrpuqptqnq' (1.8 - 22)-p iShj, lihQp quiniuQuiGp hhinujuq 
umGynpjniGGDpp, npnGp (Sp2Ui bG IpuiSuijuilpxiG v U v niqpq U huilpuqpp huipuiphpuilpxiG uipuiqmpjuiG quid 2uipdU 1 nq 
q*inp6Guil}uiG iiuiuGpl}p 1}uhSuijuiI}uiG w mqpq U hiul}uiqpp ujpuiqnipjniGGtipp hiuiiiup. 



r(w) = r(w) (i + .s'f) = /j(^)>o 

y(^) = r (V)(l+.s|Q=/?(V) >0 



£uiGp np, huiiiuifiuijQ (1.3 - ll)-p, y qnp&iuljpgGtipp iqhuip t iJiGhQ qpuilpuG lih&mpjniG, hhinUiupuip (1.9 - 27)-pg, 
(1.9 - 29)-pg U (1.9 - 31)-pg hhinUniiS t np IjunSuijuiljuiG w niqfiq U huilpuqpp uipujqnipjniGGtipp huniuip uihqp mGhQ 
hhinUjuq uinGjnipjniGGhpp. 




X>mjGu}hu (1.9 - 28)^4 uipq'uj& npn2pjGhpp uipdhpGDpp uiDrpuqptqnq' (1.8 - 23)-Ji iSh$>, lihGp quuiuiGuiGp hhuiujuq 
umGynpjmGp, npp GmjGiqtiu (Sp2in t IpmSuijuiljuiG huipuiphpuiquiG uipuiqmpjuiG l}unJ 2uipchl nl l q^np6Guil}uiG iiuiuGpl[p 
quiuuijuiquiG uipuiqmpjuiG huniuip. 



yfwjw = —y(wp 



1.9-30 



1.9-31 



1.9-32 



1.9-33 



Cun.q&nui 1 -22 - hpb (1.9 - 19)-ni[ mpUwd f 3? , 3? J ninfin wnwGgpwpilhpp. dbwUinpjmpjLuG hiuUiuuiupniiiGbpp 

UmpjmpbG oqwwqnpdbGp (1.9 - 20) -ni/ bwif (1.9 - 21) -nil b tjuiif fy (1.9 - 22) -nti wptiuid LumuGgpwpUbpp dbwUinpjmpjwG 
hwilwmiipmiSGhpp b qpwGp whqwripbGp (1.9 - 16) -ni] inpdiud iSIigwbwjpp. hwGwuiiuinwupjwG wnG^mpjuiG iShp, uiujui iSbGp 
GmjGujbu bumwGiuGp (1.9 - 30) -ni[ mpGuifr pwGwdbbpp: 

(1.9 - 18)-n4 li (1.9 - 26)-n4 inp4ui& A U B qnp&mqpgGhpp uipdhpGhpp uihquiqpbpiq' (1.9 - 16)^4 inpq'uj& iipguil}uijpp 
uipinuihuijinnipjuiG dhg, iSUGp lijijuilpxijpp puinuilpuum huniuip IpnnuiGuiGp hhinUjuq piuGuidUp. 



b — r[x + sx x + gx J — r[x Q + sxox + gx j = r [ Xq + sx x + gx 1 = r ( Xq + SXoX + gx \ > 



(1.9 - 34)-n4 inpqMufr iSpjuiquijpp puinuilpuum puiGuidUhpp qpuMufr qp^hphGgpuqGhpp inhupnq\ IppGhG. 



r db 2 -- 


= F[ dx + sdx dx + gdx J = 


- F[ dx + sdxodx + gdx ) > 


I db 2 -■ 


= F[ cfx t ) + sdXoOX + gdx j - 


= F[ cfx + scfxQttx + gctx ) > 



1.9-34 



1.9-35 



Ujdii hGpuiqphGp, np P qhnp6Guil}uiG iiiuuGpl}p K' mqpq U huil}uiqpp pGbpgpuq huiiiuil}iupqtipp Gl}uiiniiunip 2uipdd [ nuS t 
hunSuiuiuiinujuJuuiGuipuip u U u uipiuqnipjnLQGhpnq^, pulj GmjG JinpdGuiquiQ iSuiuGpqp K mqpq U huilpuqlip pGhpgpuq 
hunSuiqujpqtipp GqiuunSuuSp 2uipd4nui t huiiiuiupuinuiu|muGuipujp w U w uipuiqnipjniGGhpnq': Uj GmhtiinU ijliphp2hinil 
(1.8 - 3)-n4 U (1.8 - 4)-mJ uuihiiuiGq , ui& ninjiq U huil}iuqpp uipiuqnLpjniGQhpp puiGuidUhpp, pGjiqtm GuiU (1.9 - l)-n4 mpq^uicJ 
G2UiGuil}niiiGhpp U l}ppuinhpi4 qpuiGp (1.9 - 34)-p U (1.9 - 35)-p lihg, q^inpdGuiljuiG iiiuuGpl}p hunipGpuig l}unS quiiiuijuiquiG 
uipiuqnLpjniGGtipn4 2iupdiSuiG qhiqpniii lihGp iSpjuiquijpp puinuiqmuni U qpui qp^hphGgpuiiJi hunSuip quinujQuiGp hhuiUjuq 
ujpinuihuijinnipjniQGtipp. 
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♦ &npdGwtiwG dwuGptip hwilpGpwg 2uipdiSwG pbujpmii 



h 1 = F\ l+S-^+g-^- II </ 



ni+*y-+8*fr 



« 



> 



ti 1 =F\l+s4r + 



*£)(") a -K 



c c 



(cT) 2 > o 



1.9-36 



♦ <t>npdGwbwG ilwuGpbp IpuiSiujwbiuG 2wpdiiwG qbujpniif 



db 1 = F 



db 1 = F 1 + 






1.9-37 



£uiQp np, huiuuiduijG (pQiiqdniu 1-10)-p, (1.9 - 27)-nil U (1.9 - 29)-nil inpipufr puiQiudUhpp 6p2in dG QuiU IpuuiujuilpiiG 
uipiuqnipjiuG (ninpq IpxnS hiulpunpp) huiiiuip, hQinluupiup (1.9 - 36)-nil inpipufr puiQiudLp uq$> hiuipuuiupuuiG uiuDGiudiupi 
IpirpSp* (fi 2 ), qpiulpuG uQfrnipjniG t, pul} uig Imrpip pnmp uipiniunpp^Gtipp, piugiunnipjiuup F qnp&uiljgpg, QnijQiqhu npiulpud 
i5h&nipjniQQhp hQ U hhinUiupuip ijpuil}iuQ lih&mpjmQ ujhinp t iJiQp QuiU F qnp&iuljpgp: Piugp npiuQpg, piuGp np F 
qnpdiuqpgp nj lip nlip jp Ipuuiuipniu ujijiulpujpti piuniulpuuni puiGiudLtipp ug$>, lihQp uiniuGg pGnhiuGpnipjnLGp ImpgOhpu, 
Ipupnq hQp luqiuinqMiL lyiuiGpg pQnrnQhpiq'. 

F = +l 1.9-38 



lljuujpunil (1.9 - 34)-nil inpipiifr iSpjiuliuijpp piuniulpuum hiuuiup uhQp qMjpjGiulpuGiuiqtiu IminiuGuiGp. 



, _»/2 ->'-.' ->'2 ->2 -» -> ->2 <-'2 «-'«-' <-'2 «_2 <- <- <_2 

7 = X() +.S'X()X + gX = Xq + SXoX + gX = X +SXqX + gX = Xq + SXoX + gX > U 



f^iutiu QuiU (1.9 - 35)-nil inpipiifr upjuiljujjpp piuniulpuuni ijJi^hptiQgpuqQtipp hiuuiup ubQp IpainuiGiuGp. 



dti 1 — dx a + sdx a dx + gdx = dx + sdxodx + gdx = dx + sdx dx + gdx = dxg + sdxodx + gdx > 



1.9-39 



1.9-40 



f»ul} q'lnpdGuiljiuG iIiuuGpljp hiuupGpiug l}unS IpuuiujiulpuG uipuiqmpjniQQhpp 2uipchiiuG ntuqptipp hiuuiup, (1.9 - 36)-nU_ U 
(1.9 - 37)-nil inpipiifr upjiulpujpp piuniulpuuni U nniu npIp^phptiGgpiuiJi hiuuiup uhQp IpiinuiGiuQp hhinlijiUL puiQuidlitipp. 

♦ <t>npdGwbwG ilwuGpbp hwdpGpwg 2uipdiSwG qhwpmu" 



if - [i +S M.+g3i.)fc7y=(i + sf+g\- 



ti 2 = 1 +S JL + £_!L_ C T 



1+s^ + g- 



(c?y > o 

fctY > 



1.9-41 



♦ <t>npdGwhwG UwuGpbp l]iuiSwjwl]wG /mpdG'iuG ijhu/pmti 



dti 2 = l+s-^+g\ \[cdt 



i 1-*-?- + *-^- ]("" i 



dti 1 = 



(i+4 + ^)( c ^T = ( 1+ ^ + ^)W >0 



1.9-42 
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1.10 - Puiguijiduiq cfuiiJuiQuil[]i U Puiguipduilj UpuiqnipjuiQ UuihiSuiGniiSii 
U Puiguipduilj lifiuiqnipjuiG £)Luii|infunipjuiG -^uii|uiuuipniiSGbpp 

d-uiiiuiGuiqp lip tunphprpuipip ^pqplpiiUuiG hpUnijp t, npp uinuiplpiijuilpiiG piipnGnuip 2uiui IpupLnp t d>29Ppui 
^pqpUuilpiiG uihunipjniQ Ipunnighpu huiiSuip: I^puiiuQu, duuiuiQuiqp huiulpiignrpupjuiQ liuiupG piiuiuinuiuppuiUuiG U 
UhGuuipuiGuiquiG linuibgnuSGQpp hhGg 20-pq rpupp uljqppG ipnpiuippGilhgpG uiilhlP 2 mm duHluiQuiljh pQnijpp ^pqplpiiUuiG U 
puiGuiquilpiiG hbuiuiqnuiu'uiu'p , npp ninrpuqp uipryniGgp huiGnpuuiguiG duiiiuiQuiUuiuiuipui&nipjuiG huiinmlj 
huipuipapuilpiiGnipjuiG u pGnhuiGnip huipuiptipuiUuiGnipjuiG uihunipjmQQhpp uinhnfrniiip: 

Uju puidGnuS iShGp IpiuihiSuiGaGp u qpGGuipUhGp i>pqpquijp huiiiuip 2Uiui IpupLnp* pmgmpdwb dwiSwGwbp 
huiulpugnnnLpjniGp: lljOnihtunu oqinuiqnpdQpiq' puiguipduilj duiiSuiGuilip quinunpuipp, lijmu IppqliUuilpuG lih&mpjmQQhpp 
huiiSuip Uu lihGp UuuihiiuiGtiGp pphQg huiiSuipdhp puiguipduiq lih&mpjmQQhpp: 



UuihiliuQnuI 1-4 - £mGp np, hunSuiduijG (1.9 - 31)-fi, bpqm iqwimuhwpGhpp iSpph bquid Gfi^iulpujpp, pn[np pGhpgpwi 

hwGwbwpqbpniG (mqpq ph hwbwqpp) hwumwmmG GbdnipjmG t, hhinbwpwp wjq Giwuinn iShq hnyniii t np GbGp qwpnq bGp 
uwhiSwGbi pwgwpdwli dwiSuiGiuqli hwubwgnqnipjmGn, npp qmGbGw GmjG iSh&nipjmGn pn[np fiGbpg[nui hwGwbwpqbpnid 
(mqfiq pb hwbwqpp), b mjG UbGp qG^wGwbbGp T-nd: Ujuwpund puiguipdwl] dwttwGwqp b pp qp$>$>bpbGg[iwip GbGp 
buwhiSiuGGGp hbinbjwi l/bpw. 




1.10-1 



Oquiq'hpiq' (1.9 - 37)^4 U (1.9 - 38)^4 uipdjiuft puiGuidutippg u (1. 10 - l)-ni[ inpihufr G2 ul G UJ '4 nu 5G D PP9> puiguipduiq 
duuSuiGuiljp U Qpui npIp^aptiGgpuiiJi puinuiqmupGQpp huiiiuip lihGp quuiuiQuiQp hhuiUjuq lupuiuihuijuinipjniQQtipp. 

♦ K b K mqpq JiGbpgfiwi hwGwbwpqbpmG 



1 



b 1 = ? + S^r~t it + g 



t +.v-jr t x +j-ji > 



dr 2 = -\rdb 2 = d~t + s^rdt d~x + g-^rdx' 1 = d~t + s\d~td~x + g-^dx 2 



1.10-2 



♦ K b K hwqwqpp fiGbpgfiwi hwiSwqwpqbpmiS 



■b 2 = 7 + s\-*i'x + g- 



1 V' 2 



1 V 2 



SJrtX +J-jI > 



dx 2 = Ardb 2 = d*t + s\rd*t <fx + gArdjc' 2 = it + s\rd*tdx~ + gArdjc 2 



1.10-3 



t>ul[ q'lnp&GujlpuG liuiuQplip huiiipQpuig l}unS quiiiuijuiliuiQ uipuiqmpjunSp 2UjpdiSui(i qtnqptipp huiiiuip oquii[tiinq' 
(1.9 - 39)-ni[ U (1.9 - 40)-ni[ uipi[ui& puiQuidUhppg, iSbQp puiguipduil} duiiSuiQuil}p U pp np^hphQgpuiiJi huiiSuip quuiuiQuiQp 
hhuiUjun uipuiuihuijuimpjniQQhpp. 

♦ <t>npdGwbwG GujuGfibJi hwiSpGpwg 2uipdGwG qbiqpniii 



l+S-^ + g-^ 



1+S-^r+g^ 



,n + s *- + g- 



l+S^+g^y 



> 



1.10-4 



♦ (PnpdGwbwG GwuGJibp IpuiSiujwbiuG 2wpddwG qbiqpniii 



dT=fdb=dtJl + sf + g^ =dt ll+sf + g^r =d tn + s*- +g x r =dtll + sf + g^r 



1.10-5 
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UjQmhtiinli oquiuiqnp&h^ni[ (1-9 - 30)-ni[ npn24ui& J qnp&uiljpgGhpp piuQiufiliUpp u U w mqpq U huilpuqpp 
uipuiqmpjniQQtipp huniuip U uihquiqpQpiq' qpuiQp (1. 10 - 5)-p iSq$>, lihQp quuiuiGiuQp piugiupduil} U inhrpuquiG diuiSuiQuiljp 
qpIp^tiptiGgpuqlltipp iSpjU hrpud htunhjuiL uinGyupjiuGGtipp. 

1 J7 — 1 a? - 1 J7 - L 



th 



-dt 



-dt 



-dt 



-dt 



y(u) y(u) r(w) y(w) 

(1.10- 6)-ni[ inpipufr hiui[iuuiupniiipg lihQp qujpnq hGp uiniuGuiL GuiL hhuiUjuq uinQ^nipjniQQhpp. 



dt 
dx 



dt 
dx 



*k ~ 'CO 
dt 



XiiSuiGunqhu (1. 10 - 6)-pg quni (1.10 - 7)-pg lihQp quipnq hGp uinuiGuq GuiU hhuiUjuq uinQ^nipjniQQhpp. 

it _ y(") f A. = y (^) 

it _ y(") I ji? = K"0 

rf? y(w) d / r(«) 



1.10-6 



1.10-7 



1.10-8 



CQqq&nul 1-23 - £wGp np GbGp uwhdwGhg/iGp pwgwpdwb dwGwGwb hwubwgnqmpjmGp, npp mGp GmjG uipdhpp 
pnpip JiGbpgJiwi hwGwlfwpqbpmG (mq[iq pb hwl]wq[ip), www wGhpwdb2inwpwp G/iGjb wjcM Gbp oqwwqnpfrwfr t' b t 
dwGwGwbp, inwpphphim hwGwp pwgwpdwb dwGwGwbpg, wjumhbmb iSGGp wjG GwGdwGbGp uibqwl/wG dwGwGwb: bi 
mbqwbwG dwGwGwbp mwppbp t nj GfiwjG ppwp GbwwGwGp hwpwpbpwbwG jwpdGwG Gbp qwGrinq pGbpgpwi 
hwGwbwpqbpmG, uiJl wjG mwppbp t GwL mwpwdmpjwG hwjbiwj[iG wGqpwqwpddwd pGbpgpw[ hwGwbwpqbpmG, p-G^p 
GbGp GwGpwdwuG jwpwqpbgfiGp (1.8) pwdGniG: 

bplpu inhuiuqp diuiSiuGuilpiQpp qnjmpjuiQ ipiuuuipg hhuiUnui t np iqhuip t qnjmpjniQ iuGqGuiG GuiL hplpu inhuiuqp 
uipuiqnipjniQQhp, uipiuquigrmSQUp U pGnhuiGpunqtiu iqhuip t qnjiupjmG niQUQiuQ hplpu uihuuiljp ^pqplpjaquiG iSh&nipjniQQhp* 
inbqiuqiuQ U puiguipdiuq, npndp ipnipntu^m-iS bQ diuiSuiQuiljp pGpuigpnui: ^hinloupuip ^iujquil}iuQ huipuiphpiuquiQnipjiuQ 
himnniAj uiQuiupjuiG lihg 2 mul IpupUnp t uiuipphpuujtq U huuiuil} uuihiiuiGtq uihquilpiiG U puiguipfiuil} IppqpquilpxiG 
i5h&nipjniQQhpp: Ujq Gupuiniulpiq' guiQl}iugiu& puiguipdiuq qSpqplpuquiG iShfrmpjuiG huniuip lihQp qoqiniuqnp&hQp «p» uuinppQ 
gnigp^, uiuipptiptqm. huiiSuip piuguipdiuq qSpqplpuquiG iSh&nipjmQQhpp huiiSuiupuuiuiutuuiG uiuquilpuG qSpqplpuquiG 
iSh&nipjniQQhppg : 

UaihdiuQnuI 1 -5 - 0npdGwl]iuG iSwuGfabfi uiGgiud tiiuGwupuphfi juiifip pum Gfiim/np mbpiulpuG diurfwGiuGp GbGp 
IpuGdwGbGp inhqiulpiiG wpwqmpjniG, Jiuh ifmpdGwGwG GwuG/iGfi uiGgiud diuGuiujiuphli jujdip pum uJiiuGnp piugwpdwu 
duiGiuGiub/i GbGp GiuGdiuGbGp pwgwpdmb wpwqmpjmG: IrGiuGuju/hu GbGp Gwpnq bGp uwhGuiGbi Giub inhqiulpiiG b 
piugiupdwu wpwqwgniGGbpp: ■(hwbwpiup, GmpdOiubiiiG GwuGlib[i npiuGiuujbu Jipuipjig mwppbp wju bpGm 
lupwqmpjmGGbpp b wpwqwgmGGbpp K 1 b K nujfii] b hwl]wq[ip fiGbpgfiwi hiuGwuwpqbpniG GbGp Gwpnri bGp umhGwGbi b 
G2wGml]bi hbmbjwi l]bpw. 



♦ K b K nipfip pGbpg/iLUi hiuGwGiupqhpniG 
SbqmlpuG bwG "bjmumGjwG wpwqmpjmG 

fiwgwpdwb wpwqmpjmG 

Sbqwl/wG bwG "bjmmnGjwG wpwqwgmd 

fiwgwpdwb wpwqwgmd 



tit 

Uf ~ dz 
~fo _ du 
tit 
du ? 
dz 



bo = 



dx 

dt 

. dx 
dx 

dw 

d~t 

dw f 
'' ~dV 



1.10-9 
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♦ K b K hwbwqfip fiGbpgfiwi hwiSwbwpqbpmiS 
SbqwbwG bwU "bjmmnGjwG wpwqmpjmG 



< 



Pwgwpdwb wpwqmpjmG 

SbqwbwG IpuU "bjmmnGjwG wpwqwgmiS 

fiwgwpdwb wpwqwgmiS 



cfx 



ctx 



dt 




dt 


17 - & 

Uf ~ dr 


U 




t _ dtu 

it 


U 


dt 


V <fu t 


U 


<- dwr. 



1.10-10 



Uj QmhtiinU piugiupdiul} duiiSiuGuiljp di qp^IphphGgpuiip uipuiuihuijuinipjniQp (1. 10 - 6)-pg uihrpuqphpiil (1. 10 - 9)-p U 
(1. 10 - 10)-p lihj, iShQp IpnniuQuiGp K' U K nu]pq U hiuquiqpp pGhpgpuiL hiuiSiuquipqtipniiS puiguipdiuq uipiuqnipjuiG U 
inhrpulpjjQ uipiuqiupjiuQ lipgU hrpu& hhuiUjuiL l}iuu}p. 



K U K pQhpgpun hiuiSiulpjipqhpniiS 

«— — » 

K U K pQhpgpuiL hiuiSiulpjipqhpniiS 



Up = yCuju 
w f — yfwjw 



u P = yfuju 
w P = y(wjw 



1.10-11 



UuihiiuiQnui 1-6 - (1. 10 - 9)-nG, (1. 10 - l0)-m/ uwhiSwGGwd U (1. 10- \\)-m/ wpUwd pwgwpdwb wpwqmpjmGGhpp 

fipwbwGmii hwGqfiuwGmii hG pwgwpdwb wpwqmpjwG mwpw&wbwG pwqwqpfi^Gbp: <thwbwpwp, (1. 10 - ll)-fiG 
hwiSwGdwG, UbGp bwpnq bGp uwhiSwGbi GwL ilmpdGiubwG iSwuGfil]fi pwgwpdwb wpwqmpjwG pGwjfiG pwqwqpfijGbpp K' b 
K mqfiq b hwpwqfip fiGbpgfiwi hwdwbwpqbpmil hbwbjwi ubpiq. 

K \x K pQhpgpuiL himSuilpjjpqhpnuS - w~ p = yCujc > U ~u e - y(ltjc > 

K U K pGhpgpuJL hunSiuqujpqhpniiS - w p = y(wjc > U w e - y(w~)c > 

"bdwG dbmj UbGp bwpnq bGp uwhiSwGbi Gwb piugiupdwh hwpwpbpwuwG wpwqmpjwG pGwjfiG b wwpwdwbwG 
pwqwqpfijGbpp K b K' fiGbpgfiwi hwiSwhwpqbpfi hwiSwp hbwbjwi bbpw. 

♦ K fiGbpgfiwi hwiSwhwpqfi 2wpdiSwG pwgwpdwb wpwqmpjwG pwqwqpfijGbpp K fiGbpgfiwi nwifwbwpqfi 



GbwwiSwii'p 



? P = y(v~)c > 

? p = r(7)7 



♦ K fiGbpgfiwi hwiSwbwpqp 2wpdiSwG pwgwpdwl) wpwqmpjwG pwnwnpp^Ghpp K fiGbpgfiwi hwiSwuwpqfi 
Gbwwdwdp 



v" p = yQvj~c > 



1.10-12 



1.10-13 



1.10-14 



Oquiq'hpiq' (1.9 - 3 1 )-ni4 U (1.9 - 33)^4 uipOjUift niripri U huilpuiipp inhrpuquiG uipuiqiupjiuGGhpp lipgU qnjnipjiuG niGhgnq 
uinGyupjniGGtippg, pG^iqhu GuiL 2uipdU 1 nq ipnpdGiuquiG iSiuuQpqp (1. 10 - ll)-ni[ U (1. 10 - 12)-ni[ inpi[ui& pujguipduiq 
uipuiqnipjiuQ uiuipui&uiljuiG U p^uajpli piui\uiri : pp^Qhpp uuihiSiuQimSpg, lihQp quuiuiQuiQp lipliQmjQ pQhpgpun hunSiuquipqimS 
ipnpdQujl}uiQ liuiuQpljp huiljiuiipp puiguipduiq uipiuqnipjujQ pi[uijpQ U inuipui&uiljuiQ puirpuqppjlitipp quiujp mripq puiguipdiuq 
uipuiqnipjiuQ piui\uiri : pp^Qhpp hhui: 



♦ K b K fiGbpgfiwi hwUwqwpqbpmii 



r ^o 


-.0 , -> 




r -* 


<-<) , <- 


u„ - 


= W p + SUp 




u„ - 


= Up + sup 


< p 


UUllJ 


1 




— > 




-» 




[ »p = 


- -Up 




[_ «p = 


- -Up 



1.10-15 
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♦ K b K pGbpgpmi hwiSwbuipqbpmiS 



f s-° 


— >0 




r _* 


<— 


VV r = 


= W p + iWp 




w r 


= Wp + iWp 


\ J- 


IjUllJ 


^ J 


I Wp = 


= -Wp 




I VVp 


= -Wp 



1.10-16 



QGqq&niri 1-24 - -imiSwdrnj <G (1.2- l)-/z&(1.3- ll)-fi, fiGjiybu Gwb hwiIwdwjG (1.10 - 9)-fig iffiGjb (1.10- 16)-£ 
uwhiSwGdwd b umwgi]iu& pn[np pwGwdbbpp, dbGp wnwGg pGnhiuGpmpjwG ijbd ' iSbqwG^bpii bwpnq bGp pGnniGby np 
pmgiupdwb wpwqmpjiuG pi[wjpG b mwpw&wbiuG piuqwppp^Gbpp hwdwp mbqp niGbG hbmbjwi upujiSwGGbpp. 



f° > 

v„ > 



vt>p + Wp > 
-w E = -Wp < 



■sh^in t wbuGbi np (1. 10 - 17) -m/ wpijiud wGhwilwmiipmpjmGGbpp ippi[ hwUwdwjGnipjiuG itbp bG (1.9 - 32)-ni[ wpi/ujfr 
lunwppG wGhunJiuuiupnipjiuG hbui: 

Ujchi puiguipduiq ujpuiqnipjiuQ pqMjjjpQ U inuipui&uiquiQ piurpurwip^Gtipp huiiiiup uipuiui&DGp npn2 htunuippppp 
puiQuidlihp: ^pui huiiiuip oqimlhpiq' (1.8 - 24)-niJ uip4ui& puiQuidupg U (1. 10 - ll)-ni[ inpipufr puiguipduiq uipuiqmpjuiG 
inuipuifruiquiG puirpuqppjp uiuhiiuiQmiipg, quniuijuiquiQ w inhnuiqujG ujpuiqnipjiuQ hiuduip dhQp IpunuiGuiGp hhuiUjun 
puiQuidup. 



y(w)r(w') = 1 -g- 



!f>° 



t>ul} (1. 10 - 18)-pg hhinUrmS t, np puiguipduiq uipuiqmpjuiG inuipuifruiquid puirpuqppjp iqhinp t puiipiipuipp htunLjuiL 
upujuujGpQ. 



< 1 



UjQmhhinli oqimuqnp&hpii[ (1.9 - 27)-ni[ U (1.9 - 29)-ni[ inpipiifr y qnp&uiqgp puinuilpuum puiGuiduhpp quniuijuiquiG 
w uiDrpuquiG uipuiqnipjujQ huuSuip, (1. 10 - 1 1 )-nil u (1. 10 - 12)-nU_ inpU_ui& puiguipduiq uipuiqnipjuiQ uiuipui&ujlpiiG U 
pi[uijpQ pujquiqppjQhpp uuihiiuiGnuiGtipp, pQ^ujbu QuiL (1. 10 - 19)-nU_ uipQ_ui& uiQhuu[uiuuipnipjniQp, lihQp y qnp&uiqpgGhpp 
huuSuip quuiuiGuiGp hDuiujuiLpuiGuidutipp. 



s->\ 1 -><> 



i-te-f^ 



A(wp) ■ 



> 



i / 1 n W V 1 W V A , -, ". „ 



(1. 10 - 20)-p lihg lihQp puinuiliniup uipiSuiinp G2 ul G ul '4 a 9pGB A (pxuSprpu) uiuinni[ u npp, huiiSuiduijG (1. 10 - 17 )-Ji u 
(1.10- 19)-p, puiqMjjpuipnLiS t hhuiUjui^ uiQhuiq'ujuuapnipjujQp. 



Oquiq'hpiq' (1. 10 - 20)-fig lihQp qiupnq hGp npn2Qt puiguipduil} uipujqnipjuiQ niqfiq U huilpunjip pi[uijpQ piurpuqppjGDpp 
uipinuihuijinU_ui& puiguipduil} uipujqnipjuiQ uiuipuj&ujl}uiQ puiquiiipp^Qtipni[ htunLjuiL qhpuj. 



A(wp)-iy-^ 

A / ^ I ^P 



c > 



c > 



"bmjQujhu oquiq'hpiil (1. 10 - ll)-Jig U (1. 10 - 20)-Jig, qunJuijuiquiQ uibijuiquiQ U puigiupduiq uipuiqnipjmQQhpp huuSuip 
iSUQp l}uinuiQuiQp hhinLjuJip ijinjuuiiiuipd uinQ^nipjmQQhpp. 



1.10-17 



1.10-18 



1.10-19 



1.10-20 



1.10-21 



1.10-22 
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Upui^uiip Injhpp <uipuiphpuilpiiQ CuipchiuiQ ShumpjmQ 



= yCwjw = 



y(wj\ 



, w . „ w 






l+s^+g- 



y(w) 



v f , 2" C 



y(w) k, ■> I Wp 



1.10-23 



Cuqq&nul 1 -25 - (1. 10 - 21)-ni/ inpi/w& A qnp&wl/gp rfhp dhGp jbGp oqinwqnp&b[ dbuuinpuiuiuG G^wqpmpjmG, 
npnOhbmh wjG puui piugiupdwu wpwqmpjwG uiwpwinuhuiG pwqwqpfcp qmjq $>mGqgJiw t U hbuiLwpwp, hwiSwduijG 
(1. 10 - 16)-/z, GGmii t GmjGp: 



bi L[b.pguiujhu, quiiSuijuiquiQ w uihquiquiQ uipuiqnipjuiQ huiiSuip, QmjQujhu oqinqMimq' (1.9 - 27)-m[ U (1.9 — 29)-m[ 
inpipufr y qnpduiligp puinuilpuum puiQuidLhppg, pQ^ujhu QuiL oqinqMamq 1 (1. 10 - 1 1 )-ni4 U (1. 10 - 12)-n4 uipq\u& puiguipduiq 
uipuiqmpjuiQ uiuipui&uiquiQ U pq\ujpQ puiruunpp^Gbph uuihiSuiQmiShg, QhQp IpiuiuiQuiQp iJp qhqhghq puiQuidL, huiiSuiduijQ npp, 
quuiuijuilpiiQ puiguipdiuq uipuiqnipjuiQ piuiijpQ u inuipui&uilpuQ puiquiqppjQbpp, mqpq h huilpuqhp hQhpgpuq 
huiiSuilpupqhpmu', puiiluipuipnui hQ hhuihjuq uinQyupjuiQp. 



W 



+ sw p Wp + g 



(w P ) 2 = (w°) 



+ SWpWp + g 



(w P ) 2 



1.10-24 



I^uq (1.8-33)-piSbg qppuinhmi[ (1.10- ll)-n4 (1.10- 12)-nq\ (1.10- 13)-mlh (1.10- 14)-ml uuihuuiQqui& puiguipduiq 
uipuiqmpjmQQhpp pq\ujpQ h uiuipui&uib,uiQ puiquiqpp^Qhpp uipuiuihuijuimpjmQQhpp, iShQp IpiinuiQuiQp puiguipdiuq 
uipuiqmpjmQQhpp uiuipphpmpjuiQ piuiijpQ u inuipuifruilpuQ puiquiqppjQhpp dhuiQinpimpjuiQ huuluiuuipnuiQhpp. 



"p = —\ v ? w v -SVfWfj 

T? P = -i- f V pWp + Wp V P + .sVpWp J 



<_o J ^->o<_o _> <_ N 
»p = "^VpWp - gVfWfJ 

<- 1 /^->"<- 



1.10-25 



X-uuiQuiuihu (1.8-34)-puhg l}ppuinhmi[ (1.10- ll)-n4 (1.10- 12)-ni[, (1.10- 13)-mlh (1.10- 14)-ml uuihuuiQqui& 
puiguipdiuq uipuiqmpjmQQhpp piuiijpQ u inuipuifruiluuG puiquiqpp^Qhpp uipinuihuijinmpjmQQhpp, QhQp IpiuiuiQuiQp 
puiguipduilj uipuiqmpjmQQhpp qmiSuipp piuiijpQ U uiuipui&uilpiiQ puiquiqpp^Qhpp dhuiipnhimpjuiQ huuhiiuuipmiSQhpp. 



Wp = — (^Vp«p -gv f u v J 

w P = -i- f "v pT? P + 7?p~i?p + .s"v p 7?p J 



w p = "f(, v p"p -£ v p"pJ 
Wp = -i- f V p tTp + t7pV p + s 



1.10-26 



UjQmhhinU (1. 10 - 25)-ni[ U (1. 10 - 26)-ni[ uipijuift mqjiq U huilpiiqpp puiguipduilj uipuiqnipjniQQtipp uiuipphpmpjuiQ U 
qmiSuipp uiuipui&uil}uiQ puiquiqpp^Qhpp uipuiuihuijuinipjniliQtipp iSbj uihquiqphpii[ (1. 10 - 22)-ni[ uipi[ui& puiguipduili 
uipuiqnipjuiQ mqpq U huiljuiqpp p^lpQ puiquiqppjQtipp uipuiuihuijuinipjniQQhpp v, u U w uipuiqnLpjniQQhpp huuiuip, iShQp 
mqpq u huiljuiqpp puiguipduiq uipuiqmpjniQQhpp uiuipphpnipjuiQ u qmiSuipp uiuipui&uiquiQ puiquiqpp^Qhpp huuiuip 
IjuuiuiQuiQp QuiU hhuiUjuq puiQuidUhpp. 



1 T?p = A(vp)wp - A(Wp)"?p 


U 


| t7 P = A(vp)wp - A(wp)Vp 


1 Wp = A(vp)T?p + A(wp)"vp 


1 Wp = A(vp)t7 P + A(m p )V p 



1.10-27 



XiiSuiQuiuihu (1. 10 - 25)-ni[ U (1. 10 - 26)-ni[ uipi[ui& mqpq u huiquiqpp puiguipduiq uipuiqmpjmQQhpp uiuipphpmpjuiQ u 
qmiJuipp p4 m ltQ puiquiqpp^Qhpp uipuiuihuijuimpjmlilitipp iShj uihquiqptqnq' (1- 10 ~ 22)-nq' uipi[ui& puiguipduilj uipuiqnipjuiQ 
mqpq u huiquiqpp piJuJltQ puiquiqpp^Qhpp uipuiuihuijuimpjmQQhpp v, u U w uipuiqmpjmQQhpp huuiuip, hQju}hu QuiU 
(1. 10 - 27)-m[ inpihiifr hunSuiu}uiuiuiuhiuiQ puiguipduiq uipuiqmpjmQQhpp uiuipui&uiquiQ puiquiqpp^Qhpp, QhQp IjuuiuiQuiQp A 
qnp&uiljpg Qhpp hhuiUjuq dUuiQinhimpjuiQ puiQuidhhpp. 



A( Mp ) = A(v P )A(w P ) + (g- V)- 



A(wp) = A(vp)A( Mp )-(g-|.v 2 ) 



c 

VnMn 



1.10-28 
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4,uijlpuquiQ -iuipiuphpuilpuQnipjuiG ^imnniAj ShuiupjiuQ 



Ujdii npiqhuqp ^uijquilpiiG huipuiphpiulpjjQnLpjiuQ huiuimq uihumpjuiG (1.8 - 25)-ni[ U (1.8 - 26)-ni[ inpipiifr luqpq U 
hiuquiquipd dUuiipnpanipjuiQ himpuuiupnuiGtipp uipuiuihuijuihQp v P puiguipduilj hiupiuphpuilpuQ lupuiqnipjuiiip, uiupu 
uiQhpuidb2Ui t np iShQp v hiupiuphpiulpiiQ uipiuqnipjuiG hunSiup oqinqMiGp (1.9 - 31)-m[, (1. 10 - 17)-ni[ U (1. 10 - 20)-ni[ 
inpi[ui& puiQiudUhppg, pG^iqhu GuiU oqim[bQp (1. 10 - 13)-n4 U (1. 10 - 14)-n4 uipU_ui& puiguipduilj huipuiphpuilpxiG 
uipujqnipjniQQhpp uuihuuiGnuSpg: Ujuiqpunil lihQp laiuiuiGuiGp 4,uijlpiilpuQ huipuipapuilpxiGnipjuiG huunmli inhunipjuiQ 
hainLjuq dUuiipnJunipjujQ hui^uiuuipnuiGhpp. 



♦ 4wjqwljwG dbwipnfimipjwG hwGwuwpmilGbpp K b K mqpq pGbpgpwi hiuiSiulpiipqbpp iSpgL 



Htqpq dliiuqhnJunipjniQQhp 


<uilpunuipd dUuiUintuiupjniGGap 




f 

7 = 


A(vp)+fv^ 


-» v, -> 
t +g—fx 




7 = 


A(Vp)-1^ 


7 -g-^f7' 


< 


x — 


A(v P )-i,^ 


x — v f t 


U < 


X = 


A(v P ) + i.v% 


X + V p t 




< J 




V J 



1.10-29 



♦ iwjqwbwG dbwipnpmipjwG hwGwuwpmdGbpp K b K hmlpuppp pGbpgpw[ hwtfwliwpqhpp iffipb 



fUqpq dUuiq^nJunLpjniQQhp 


^uilpiinuipd dUuiq^npampjniQQhp 




t = 


A(v P )-fv^ 


t -g-^x 




r 
<— 
t = 


AM + fv^ 


<-' Vp <_' 

t +g—fx 


< 


x — 


A(v P )+fv^ 


X + Vp t 


U < 


X = 


A(vp)-i.s-4L 


X — Vp t 




< - 1 




L J 



1.10-30 



\>uuiG dUru[ uaGp Ipupnq hQp ^uijquilpxiG huipuipapuilRuGrupjuiG huiuiniq uihunipjuiQ (1.8 - 27)-ru[ u (1. 
inpq'iucJ dUiuq^npanipjiuQ hui^uiuuipnuiQhpp uipuiuihuijuitq v P puiguipduilj huipuiphpuiljuiQ uipuiqmpjuiup: 



28)-n4 



♦ <twjl/wl/wG dbwipnpjmpjwG hiuGwuwpmUGbpp K b K pGbpgpwi hwiSiubwpqbpp iSpgh 



2 C 



A(vp) 
A(vp)-|,^ 



sA(v r ) + (g-±s 2 )- 



1.10-31ui 



♦ 4wjqwbwG dbwipnpjmpjwG hwGwuwpmiSGbpp K L K pGbpgpwi hwiSiubwpqbpp GppL 



A(vp)+iy^L 
A(v P )+f^ 



sA(v f )-(g-±s 2 )^ 



1.10-31 P 



♦ <twjqwbwG dbwipnpjmpjwG hwGwuwpmiSGbpp K b K pGbpgpwi hwiSwljwpqbpp iSpgb 



A(v P )+i^ 



A(vp) + i.v- 



sA(v f )-{g-\s 2 ) 



2 ' C 



1.10-32ui 
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Upuj^uiq'i Injhpp <uqnuptqiiulpjiG CuqidiiuiG ShumpjniQ 



♦ ■iuijbwbwG dbwipnpjmpjwG hwilwuwpniiSGhpp K h K pGbpgpmi hunimbmpqbpp rfppb 

1 V' 



< 



A(v P )-f^ 
A(v P )-l4 



,A(v,) + Cg--±-J 2 )-^ 



1.10-32 P 



CQqq&nul 1-26 - (1. 10 - 29)-/7(/ b (l.\0-30)-ni/ inpi/iud <iiujbuibiuG huipuipbpwbuiGmpjwG huiwml] inbumpjiuG 
hwbiuqwpd dbiuipnpjmpjwG hwq'wmiipmiSGhpn iSbGp biupnq bGp umwGiui mqpq dbwipnpjmpjwG hwq'wmiipmiSGhppg 
ipnpjbini[ v P piugmpdwb hwpiupbpwbwG wpwqmpjwG G^wGp: XriiwGwujbu (1.10 - 31p)-m/ b (1.10 - 32p)-/7</ wpijiud 
AwjhuiljwG hiupwpbpwbiuGmpjwG hwinmb inbumpjiuG dbiuipnpjmpjwG hwq'wuwpmiSGhpn iSbGp biupnq bGp umwGiui 
hwGwujiuiniuupjwGiupwp (1. 10 - 31ui)-/7(/ b (1. 10 - 32m)-ni/ uipGw& dbwipnpjmpjwG hwq'wuwpmiSGhppg GmjGuibu ipnpjbini[ 
v P pwgwpdmb hwpwpbpwbwG wpwqmpjwG G^uiGp: 



Uju puidQp ijhpjmiS, npiqhu htuniuppppp oppQuiq, pGGuqiqhQp K mqpq pQhpgpuq hiuiSuilpjjpqp QlpuuiiSimSp a 
hiuuuiuiuiniQ uihquiqiuQ uipuiquigiSuuSp 2iupdq'nq, q^npfiQiuqiuQ liumQpqp: Ujq q'lnpdGiulpjjQ iSuiudplip 
inhqiulpuG uqnuqiupjuiG huiiiiup lihQp IpjuiuiQuiQp htiuilijuqpuiGui<iup. 

w=a~t 1.10-33 

OquiqMqnq' (1. 10 - ll)-ml U (1. 10 - 12)-nL[ uuihiSuiQq'iu& puiGuidLhppg U uijOinhq inhquiqptqnq' inhqiulpuQ uipiuqiupjuiG 
(1.10- 33)^4 inpqMufr uipiniuhuijiniupjiuGp, lihQp hiuuuiuiuiniQ inhqiuqiuQ uqiiuquignuSnq' 2uqid4nq q^inpdQuiquiQ liiuuQpqp 
puiguipdiuq uipuiqnipjuiQ pq^lpG h uiuinui&uiquiG puiquiqppjGhpp hiuiSuqi IpjuiuiGuiQp hhuiLjuqpiuGui&Uhpp. 

1 



?, = y(w~)c = 



j(wj\ 



l+s-SJ- + g-^- 



1 +s 



a t , ji t_ 

C. * .2 



Oquiq'tqnq' (1. 10 - 6)-nq' uipq\u& piuQiudUpg U (1. 10 - 34)-pg, uiniuGg 4tillinnpuiliujQ Q2iuqpnipjunSp, piuguqiduiq 
duiiSuiGuiqp U lipjuiquijpp hiuiSuqi IpiuiuiGuiGp hhuilijuqpuiQujdlitipp. 



If^f 



+ g- 



b = ex 



1.10-34 



1.10-35 



CGq.q&mu' 1 -27 - UbGp uij[hu ibGp gwGbwGnirf pmpiuGwi wpwqwgmdnil jwpdi/nq ipnpdGwbwG dwuGpbp 2ww mji 
qwpiSwGwhpw2 hwmbnipjniGGbpp Gbp, npnijhhinb qpwGp dbGp fowpwqpbGp iSbp hwpnpq hnqiJwdniG, npp iflpG Gi/ppi/wd 
IppGp wqwui GiuiS mdwjpG qw^mmiS qmGGnq iSwuGpbp bwiS iSwuGpbGbpp pJilpp 2wpdiSwG hbmwqnmiSwGp (4wjbwbwG 
hwpwpbpwbwGmpjwG GbpwGpbw): Uju ipnpp oppGwlini} wwpqwwbu ilbGp giuGbwgwGp iSpwjG G^b[ pb pGjpiuG pGwlpuG 
t>wGwwwphni[ uuiwgwGp (1.10- 34 )-ni} inpi/wd pwGwdLp, npp wpqp hwpwpbpwbwGmpjwG inbumpjiuG qwuwqppbpm it 
«qmpu t pbpdmd» wtiwwpwpmpjwiip (wbGpwppwjpG hwGquinp pGhpgpwi nwiSwbwpq h iujiG), npnilhbinh jhG bwpnqwGmd 
mwppbpwljhi mbqwbwG L pmgmpdwh wpwqmpjniGGbpn: 
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4,uijlpxiquiQ <uipiuphpuil}iuQnipjuiQ ^imnmAj ShuiupjiuG 



1.11 - ^uijl[uil[uiQ ^uijiuiphpuiljuiQnLpjuiQ ^uiuinilj ShunipjuiQ 
UnuiQdQuihuiuinilj ^l-hiqphpp 

<uijqujlpiiG huipuiphpiuquiGnipjuiQ huiuimq uihuiupjuiG jnpu umuiGdGuihuiuiniq qhiqphpp uipdh huiGqiuiSiuGnptiG 
pGuipqtq: Uhui uijq luniuQdQuihuiinnil} ijhiqphpp l}iujuilui& s U g qnpdiuqpgGtipp hhinLjuq uipdhpQhppg. 



1) s = 


U 


g = 


2) ,s = 


U 


g*o 


3) s * 


U 


g = 


4) ,s*0 


U 


g*0 



1.11-1 



■EuiGp np inhrpuquiG U puiguipduiq lupiuqnipjniQQhpp uiuhiiuiQuijpQ uipdhpGhpp l}iujuiluj& s U g qnp&iulipgGhpp 
uipdhppg, uiupu pQiuquiG t np lihQp (1.11- l)-ni[ inpi[ui& prqnp jnpu umuiGdQuihuiuinli qhiqptipp hunSuip s U g 
qnp&ui qpg Qhpp npn2iSiuQ uippmjpQhppQ hunSuiiqujimuuJuiuQ quiQhGp inhrpuquiG U piuguipduilj uipiuqnipjniQQhpp 
qnjiupjuiG uippmjpGtipp: 



1 . UniuppG LuniuMGiuhujinnilj qhujpp 



s = 
g = 



1.11-2 



♦ Uju qbujppG huimmb lunG^mpjmGGhpp 
Uju uinuiGdGuihuiuiiuq qhiqpp huiiiuip, qMjphp2 D l nl l (1-2 - l)-p U (pGn.q&niiS 1-10)-p, pGjiqhu QiuU oqinq , hpii[ (1.8 - 8)-m[ 
inpi[ui& huiquiqpp uipiuqnipjuiG piuQiudUpg U (1.9 - 30)^4 mpdjUift qiuiMui qnp&ui qpg Qhpp puiQiudUhppg, iSUGp IpuiSiujuilpxiG 
w uihnuilpxiG uipiuqnipjujQ hunSuip quuiiuGuiGp hhuilijuq upujiSiuQQhpp. 

w — w > 



1.11-3 



y(w~) = y(tvj = y{w) = 1 > 



♦ 4uijhimjpG wGijpmijiupdiliucy dhwipnfiinipjwG himlwuwpmitGhpp 
(1.8 - 15)-ni[ quid (1.8 - 17)-nil uipq'uj& imupui&uilpxiG huijhpujpG iuGn.puiqujpdU 1 uj& dliiuq^inJunipjuiQ hiuq'ujuuipnnSQhpp 
i5ti2 qppumtqnq^ (1.11- 2)-p U ^oqiniuqnp&tqnq' q , hl}uinpuil}iu(i G2UiqpnipjniGp, iShGp IpnniuGuiGp. 



t = t = t 

x — —x = — x 1 



1.11-4 



♦ <Zwpwphpwl]wG 2LupdiSwG dhwipn[unipjiuG hwilwmiipmiSGhpp 
^uidiuduijQ uiju umuiQdQuihuiuimq qhiqpp, (1. 11 - 3)-m[ U (1.11 — 4)-m[ irqupufr upujiiuiQGhpp qppuintqnq^ (1-8 - 
(1.8 - 26)-nq\ (1.8 - 27)-nU 1 IpuiS (1.8 - 28)-m[ inpq^uifr ^uijqiulpiiQ huipuipbpiuquiQnipjiuQ huiuimq uihuiupjuiG 
dUuidinpampjuiQ hiuq^uuiupnuiGtipp iSh$>, pQjiqhu QiuU QiujQiqhu ^oquiujqnp&tqn^ ^quinpiuquiQ G2iuqpiupjniQp, lihQp 
quuiuiQuiQp Q-uqJuhjp dLiuLpnpjiupjuiG hiuqMuuuipnuiGDpp. 



25)-nil, 



Hiqpq dliiuq^inJunipjnLQQhp 



4,uilpiiquipd dliiuq^nJunipjnLQQhp 



t = t 

x — x' + vt 1 



1.11-5 
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Upiu^uiq"! Injhpp <uipuiphpuiquiG CuipchiuiG ShumpjiuG 



♦ UpiuqmpjniGGbpp hwGiSiuG b qniiSwpiSwG pmGwdhbpp 
f'ul} (1.8 - 29)-ni[ U (1.8 - 30)-ni[ inpi[ui& uipuiqnipjniQQhpp hiuQiiuiQ u qnuSuipiiuiG puiGuidLtipp IpnuiipGqGhG luqppajp 
uipuiqmpjniQQtipp hiuQiiuiQ u qnuSuipiiuiG puiGuidLtipp htun pG^iqhu gnijg t uipqMjjft uinnpU. 



u = w — v 
w = u + v 



1.11-6 



♦ SbqmhuiG iupwqmpjmGGbp[i qnjmpjwG m/ipmjpGbpp 



< w < co 



1.11-7 



2. tjpljpnpq mnuiGdUmhuimnili qbiqpp 



s = 
g*0 



1.11-8 



♦ Uju rjbujp[iG hmwml] wnG^nipjniGGhp[i 
Uju uinuiGdGuihuiuiniq qaiqpp huiiiiup (1.8) puidGnui pqMjjplpJuifr P n l n P uiGhuiiiui^uiipiupjiuGGapp ipapuiGnuS hG: 
<hinLuipuip pnpip ^pqpquilpiiG lihtmipjiuGGapp lihGp Ipupnq hGp qptqumuiGg 4tlluinpuil}uiQ G2Uiqpiupjuuip: OppQuiqp 
hunSiup IpiuiuijuilpiiG inhniulpuG uipuiqnipjniQQhpp iShGp Ipxipnn hGp oqinuiqnpdQL uinuiGg ilhbuinpuibuiG G2Uiqpmpjuiu'p 
htunLjuq bhpuj. 



w — w > 



w — —w 



< 



1.11-9 



X>mjQu}hu puiguipduilj uipuiqiupjuiG pqMujpG U uiuipui&uilpiiG puinuiupp^Qtipp, huiiiuiduijG (1. 10 - 17)-p lihGp Ipupnq hGp 
oqinuiqnpdtq uinuiGg i[tillinnpuiqujQ G2iuqpiupjuiu'p htunUjuq qhpiq. 



w p = w° > 

W, = Wp > 



w p = w p = wj; > 
Wp = — Wp = — Wp < 



Uju hpqpnpq uinuiGdGuihuiinniAj rpaiqpp hunSiup, huiiiuiduijG (1.9 - 30)-ni[, (1. 10 - 20)-n4 U (1. 10 - 21)-n4 uip4ui& 
puiGuidlibpp, lihGp y qnp&uiljpgQhpp huuiuip IpnnuiGuiGp hhinUjun uipiniuhuijinnipjnLQQhpp. 



r(w) = r(w) = y(w) = 



l 



i + «- 



= >l l -8-Jt = A(w P )>0 



1.11-10 



1.11-11 



(1.11 - ll)-pg hhinUrmS t np uihnuilpxiG U puiguipduilj uipuiqiupjiuGGtipp iqhuip t puiihupuipuG hauiujuqnpryiiuiG 
inppmjpGhppG. 



i + g i V>o 



i-g^r >o 



g*r>-i 



Wp" 

c 



1.11-12 



♦ 4ujjb[ujj/iG luGijpujijujpdGujfr dbiuifin/unipjiuG hwilwmiipmiSGhpp 
(1.8 - 15)-ni[ quid (1.8 - 17)-nil uipipu& uiuipui&uilpiiG huijhpiijpG uiGqpuiquipd4ui& duuiqhntumpjuiG 4uijl]uibuiu 
huuluiuuipmiiGapp iSq$> qppiuntqnq^ (1.11- 8)-ni[ inpihufr upujiiuiGp u joqinuiqnp&Qpi4 4tlluinpujl}uiG G2UiqpnipjniGp, iShGp 
quuiuiGuiQp. 



t = t = t 

x — —x = — x 1 



1.11-13 
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♦ 4wpwpbpwl]wG ^lupdiSwG ^wjhwlpiiG dLwipnlumpjwG hwi[iuuwpmGGbpp 
\>i5uiQuiiqhu (1.8 - 25)-ni[, (1.8 - 26)-nq\ (1.8 - 27)-ni[ U (1.8 - 28)-ni[ inpipufr ^uijlpulpuQ huipuiphpiulpuGnLpjiuQ 
huiinmAj inhuiupjuiQ dliAuipnpiiupjuilI pnpip yipui huiqMjjuuipniiSGhpp lihj Ijppiunhpiq' (1.11- 8)-ni[ uipU_ui& upujiSiuQp U 
QnijQiqhu £oquiuiqnp&hpii[ ilhlpnnpiulpiiG Q2iuqpnipjmQp, lihQp quimuQiuQp iJpUQnijQ mqpq U huilpuqiupd dlauipnpinLpjuiG 
himliuuiupnuiGtipp. 

Htqpq dUunpnJunipjniQQhp 4,uitpuquipd 6UunpnJunipjnLQQhp 

*' = r(v)(* + *-^-*) u \ t = 7 {v){t' - g^-x 1 ^ 

x' = y(v)(x- vt) x = y(y)(x' + vt') 



( M ») 2 + g(« P ) 2 = K) 2 + g(w P ) 2 



r>ul[, huiiiuiduijG (1. 10 - 23)-p U (1.11 - ll)-p, uihquilpuG U piugiupduilj uipuiqnipjniQQhpp lipgU inhqp niQhQ hhuiUjuq 
uin Q yupj m Q Q hpp . 
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1.11-14 



f'ul} (1.9 - 39)-ni[ inpipufr iSpjiuquijpp piuGuidUp huiiiiup lihQp IpiuiuiGiuGp hhuiUjuq lupuiuihuijuinipjruGp. 

ti 1 = x{ 2 + gx n = x\ + gx 2 > 1.11-15 

♦ SbqmbmG wpiuqmpjmGGbpp rfppb bqwfr wnG^mpjniGGbpp 

<uu5iuduijG (1.8 - 29)-p, (1.8 - 30)-p U (1.11 - 9)-p, uiQrpulpuG ujpuiqnipjniQQhpp hiuQiiiuQ U qnuSiupiiuiG hunSuip iShGp 
IpjuiuiGuiQp hQuiUjuqpiuQuidLnpp. 

lIpiuqnipjniQQhpp tuuQiSiuQ piuQiudUp UpuiqnipjniQQhpp qnuiuipiSiuQ piuQuidUp 

u = w ~AL U w = U + V V1I 1.11-16 

c c 

f»ul} huiu'uiduijll (1.8 - 32)-p U (1.11 - 9)-p, y qnp&iulipgQhpp 6UunpnJunLpjniQQtipp huuiuip lihQp IpiuiuiQiuQp hhuiUjuq 
puiQuidlihpp. 

r(«) = r(v)r(>f)(i + g-^) 

rM = r(v)rw(i-«^) 

♦ Piugmpdwb wpwqnipjmGGbpJi Gppb bqwir uinG^mpjniGGbpp 
<uu5iuduijQ (1. 10 - 27)-p U (1.11 - 9)-p, puiguipdiulj lupiuqnipjniQQhpp iniupiufriulpuG puiquiqppjQtipp tuuQiSiuQ U 

qnuSiupiiuiG hunSuip iShGp IpnniuGuiGp htunLjuiL puiGiudLhpp. 

«p = A(vp)w P - A(wp)v P 
w e = A(v P )wp + A(Mp)vp 

t>ul} huiu'uiduijG (1. 10 - 28)-p U (1.11 — 9)-p, A qnp&iuqgp dliUnpnJunipjiuQ huuiuip lihQp iRiuiuiGuiGp hhuiujuq 
puiQuidlihpp. 

A(u P ) = A(v P )A(wp ) + g^^- 
c 

A(wp) = A(v P )A( M p)-g^ 



1.11-17 



1.11-18 



1.11-19 



\>i5uiGuiiqhu, huiiiuiduijG (1. 10 - 25)-p, (1. 10 - 26)-p U (1.11 - 9)-p, piugiupduilj uipuiqiupjiuGGtipp ruqpq U huilpurpupd 
dLuuhnpmipjuiQ hunSuip iSaQp IpunuiQuiGp htunujuiL huuluiuuipnuiGtipp. 

fliqpq dUunpnJunipjniQQtip ^uiquinuipd dUuiqhnpimpjniQQtip 

J U« = "^(Vp'Wp' + gVpWp) J W° = "^(Vp'Mp'-gVpMp) 1.11-20 

Up = 7"(vpWp - WpVp) Wp = -i-(vjw p + MpVp) 

<uii5uiduijG (1. 10 - 24)-p U (1.11 — 9)-p, piuguipduiq lupiuqnipjniQQhpp p^lpQ ^ uiiupui&uiqujQ puiquiqppjQhpp 
puiipiipujpnuS hQ hhinUjun iSQuijniQ uinQ^nipjuiQp. 



1.11-21 



Upui^unp Injhpp <uipuiphpuiquiG CuipchiuiG ShumpjniG 



1.11-22 



l+g- 



♦ ShrpubiuG h pwgwpdiul] wpiuqmpjniGGhpp qnjmpjmG mppmjpGbpii 
ShnuiquiG h puiguipduiq uipuiqnipjniQQhpp qnjmpjuiQ uiJipnijpQhpp quiQbpii hunSuip iShQp iqhuip t oquiqMjQp 
(1.11 - 9)-pg, (1.11 - 10)-pg U (1.11 - 12)-pg: Ujuujpunil iShQp iqhuip t piidhGp hhuihjuiL uiQhuuluiuuipnipjniQQhpp 
huuSuiluupqp. 



w > 



> 



> -1 



1.11-23 



< 1 



(1.11- 23)-ni[ uipihufr uiQhiuqMiiuuipnipjniGGhpp huuSuiluupqp, qiu]m[iu& g qnp&uiqgp npn2iSuiQ uippmjppg' Q2iuGpg, 
inhnuiquiG h puiguipduiq uipuiqnipjniQQhpp qnjmpjuiQ uiJipnijpQhpp hunSuip iShQp quuiuiQuiQp. 



ui) hph g < uiiqui < w < c 



p) bph g > uiiqui < w < oo 



1 



< If, < CO 



o < w P < C a 



1.11-24 



3. bppnpq uinwGdGwhwuinilj qhiqpp 



s± 
g = 



1.11-25 



♦ Uju ijhujpfiG hmwml] mnG^mpjniGGbpp 
(1.8) puidQmu pi[uipqilui& pnpip uiQhuiiSuijuiUinipjniQQhpp U hhinhuipiup pnpip puiQuidhhpp 1411111141110411115 hQ: UhQp 
uijuuihij qQhplpujuigQhQp lipuijQ uijQ puiQuidhhpp h huuluiuuipmuQhpp, npnGp mQhQ uiliGhuijui uiuipphpmpjniQQhp: 

■<uiuuiduijQ (1.8 - 9)-p, uiju uinuiGdGuihuiuiniq nhujpp huiiiuip, (1.9 - 30)-ni[ uipi[ui& quiuiSui qnp&uiqpgQhpp IpJiQhQ. 

1 



r(w) 



y(w) 



1^4 



fi+*- 



> 



1.11-26 



fi+s- 



> 



(1.11- 26)-pg hhuiUniiS t np ninjiq U huiquinpp inhnuiquiQ uipuiqnipjniQQhpp puluuuphu punJuipuipniiS hG (1.9 - 32)-ni[ 
uipihiifr hhuiLjuiL unujuuiQpQ. 

1+S&- >0 

1+sf- >0 

(1.11 - 26)-ni[ uipi[ui& quiiMui qnp&uiqpgQhpp puuhjjpuipniiS hG hhuiUjuiL uinQyiipjuiQp. 

y(wjy(wj = 1 > 

^uiuuiduijQ (1.2 - l)-p, (1.8 - 8)-p U (1.11 - 27)-p, uihnuiquiQ uipuiqnipjniQQhpp huiiiuip QhQp quuiuiQuiQp hhuihjuiL 
uiQhuuluiuuipnipjniQQhpp. 



1.11-27 



1.11-28 
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w — w > 

1+sf- >0 

— > 
w = *— 



1.11-29 



1 +.s- 



1 +s- 



< 



f»ul} hun5uiduij(i (1.11- 29)-p, (1.11- 26)-ni[ uipu\u& qiuiMiu qnpfriu qpg Qhpp lupuiiuhiujuiiliufr niripq uipiuqnipjiuiSp L 
uiniudg qMjlpnnpiulpiiQ G2Uiqpiupjujiip, IppQhQ. 

1 



/(w) = 



< 



XiiSuiQuiiuhu (1. 10 - 21)-ni[ inpipiifr puiiniu qnp&iuljgp uipiniuhiujinnipjniGp IpJiQp. 



A(w P ) 



1 + 



1.11-30 



1.11-31 



♦ ^wpwpbpwbwG 2iupdiSwG ^uijbwbwG dbwipnpjmpjwG hunJwuwpmUGbpp 
(1.8 - 15)-ni[ U (1.8 - 17)-ni[ inpipufr hiujhpujpQ uiQqpuirpupdi[iu& dhiuUinhmipjiuQ <iujquil}iuQ huiqMjiuuipniiSQhpp iSQnui 
hQ GmjQp, puq (1.8 - 25)-n4 uip4ui& 4uijl}iuquiQ hiupiuphpuilpxiQnipjuiQ hiuinmlj uihumpjiuQ mqpq h hiulpurpupfi 
dlouUintunipjiuG hiuiliuuiupmiiGhpp IpiQqniGhG hhinhjuiL inhupp. 

niqpq dhiuipnlunipjniQQhp 4,uitpiiqiupd dhiuipnlunipjniQGhp 

?' = r (y)~t 

X_,. Li 

]?— ~v t J 

XiiJuiQunqhu (1.8 - 26)-ni[ inpipufr ^lujquilpuQ hiupiuphpiulpuQnipjiuQ huiuimq uihumpjiuQ niqpr^ U hiulpuqiupd 
dhiuihntunipjiuQ hiuiliuuiupnuiQhpp ImQqmQhG hhinhjuiL inhupp. 




Hiqpq dhiuipnlunipjniQQhp 

~' = r(v)V 



hiulpuqiupd dhiuiJinlunipjniQQhp 

V = r(V)T 



t>ul} (1.8 - 27)-ni[ inpihiifr ^lujlpulpxiQ hiupiuphpiulpuQnipjiuQ huiuimq uihumpjiuQ dUunpnpanipjujQ hiuiliuuiupnuiQhpp 
IpiGqniQhG hhuihjuq uihupp. 



V' = r(v)(? + 4?) 
x" = -7 Cyj (~x - ~v t J 



5" = — 7 (V) f j? — V f ) 



\>i5iuQuiiuhu (1.8 - 28)-ni[ inpihiifr ^lujlpuljiuQ hiupiuphpiulpjjQmpjiuQ hiuuimq uihumpjiuQ dUunJinpampjuiQ 
hiuiliuuiupniiiGhpp ImQqmGhQ hhuihjiUL inhupp. 



?' = r(V)(T + 4?) 

~x = -y \yj I'x -*v t J 



~x = -y (y\ [ *x - ~v t ) 



<Q2int mhuQhtnp, (1.11 - 32)-nil, (1.11 -33)-ni[, (1.11 - 34)-ml U (1.11 - 35) -nil uipihiifr pnpip <iujlpul}iuQ 
dhiuihntunipjiuQ hiuiliuuiupnuiQhpp, hiuiSiudiujQ (1.9 - 39)-p, piuiliupiupmii hQ lipjiulpujpp hhuiLjuiL uinGyiipjiuQp. 

b 2 — x Q + sx Q x — x + SX()X = x + sx x = Xq + sxox > 



1.11-32 



1.11-33 



1 . 1 1 -34 



1.11-35 



1.11-36 



♦ ShqwlpuG wpmqnipjmGGbpp iSJipb hijwd wnGjmpjmGGbpp 
ShmulpuQ uipiuqmpjniQQhpp (1.7 - 29)-ml U (1.7 - 30)-ml l}iuiS (1.8 - 29)-nil h (1.8 - 30)-nil uipiliucJ qmiSiupiiiuQ h 
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hiuQiSiuQ piuGiudLhpp l^jJiQUQ. 

flinjiij lupiuqnipjniQQhpp hiuiiiup 



w — U + V + s - 



u = w + v + s- 



w — V 



^luqiuijpp lupiuqnipjniQQhpp hunSiup 



w = u + v + s- 



u — w + v + s- 



l + si- 



1 + s- 



1.11-37 



(1.11 - 37)-ni[ inpihufr inhrpulpuG lupiuqnipjniQQhpp qnuiiupiSiuQ U liuiQiiuiQ piuQiudLhpp lipiujQ niqpq lupiuqnipjniQQhpp 
hunSiup uiniuQg qMiljuinpiulpiiQ G2UiqpnipjuiG, hiuiiiudiujQ (1.11 - 29)-p, IpJiQhQ. 



w = u + v + s- 



1.11-38 



r>ul} hiui5iudiujQ (1.8 - 32)-p h (1. 11 - 25)-p y qnpdiuqpg Qhpp dLiuq'intunipjniQQhpp hunSiup iShQp IjuiniuQiuQp hhinlijui^ 
piuQiudhhpp qMilpiinpiulpiiQ G2Uiqpnipjuiiip. 



r(") = r(v")r(w) 

y(w) = y(v)f(u) 



r(«) = r 00/ 0*0 
r(«0 = r(v")r(«) 



1.11-39 



bph (1.11 - 38)-p ilhg l[ppiunhQp (1.11- 30)-p, uiupu lihQp IpuniuQiuQp hhinhjiULpiuQiudhp ninjiij lupiuqnipjniQQhpp 
hunSiup, uiniuQg i]hllinnpiulpjiQ Q2iuqpmpjiuQ. 

l+ s ^. = (l+ s ^.)(l+ s M.) 1.11-40 



♦ Piugmpdmb wpiuqnipjniGGhpp iSpph hqiucf wnG^nipjmGGhp[i 
(1. 10 — 27)-ni[ inpipiifr puigiupdiulj lupiuqnipjniQQhpp iniupiufriulpuQ piuniuqppjQhpp hiuQiSiuQ U qmiiiupiSiuQ l}iiQiuQ 
QnijQp, piujg (1. 10 - 28)-n4 mp^uift A qnp&iuljpgQhpp dUiuipnJumpjiuQ piuQiudhhpp IpJiQhQ. 

A( Mp ) = A(v P )A(w P )-|, 2 ^ 



A(w P ) = A(v P )A( Mp )+|, 2 ^^ 
c 

Imlj (1. 10 - 25)-ni[ uipi[iu& piugiupdiuq lupiuqnipjniQQhpp iniupphpnipjiuQ pqMjjjpQ U uiiupiu&iul}iuQ piurpunjip^Ghpp 
dUiuq^npanipjiuQ hiui[iuuiupmiiQhpp IpjiQhQ. 



_»o i <-()->() 

», = -7rV„W„ 



», = -7rV„W„ 



1 A-0-> -»0<- < > \ 

-jrl V p Wp + WpVp + .SVpWp ) 



1 /->0«- <-<)-> _, <- \ 

jl VpWp +W p Vp +5VpWp] 



"bihuQiuiuhu (1. 10 - 26)-ni[ uipi[iu& piugiupdiuq lupiuqnipjniQQhpp qmiSiupp pqMjJjpQ h uiiupiu&iulpxiQ puiqiuijpp^Qhpp 
dhiuq^npanipjiuQ hiui[iuuiupmiiQhpp IppQhQ. 



1 -»o->o 



1 <-<)<-() 

-^rVpMp 



1 /-><>-> ->0-» -» -» \ 
= -£-( VpWp + M p Vp + JVpUp ] 



1 A-0<- «-0«- <_ «_ \ 
= -£-( VpHp + M p Vp + JVpUp ] 



Piugiupdiuq lupiuqnipjniQQhpp pi[iujpQ h iniupiufriulpuQ piuniuqppjQhpp, hiuiSiudiujQ (1. 10 - 24)-p, piui[iupiupmii hQ 
hhinUjuiL iSQiujmQ uinQyiipjiuQp. 



f-»°V , -»°-> /''-"A 2 , <-"<- f^>°\ 2 , -»°-> f<-°\ 2 , <- 0< - 2 
I w p ] + WpWp = I Wp I + JWpWp = l M p) +sUpU P = [u p J +su p «p = c 



r>Q^iuhu QuiU, hiuiiiudiujQ (1. 10 - 23)-p U (1.11 — 30)-p, uihqiul}iuQ U piugiupdiulj lupuiqnipjmQQhpp lipgh uihijp niQhQ 
hhinUjuiL uinQ^mpjniQQhpp. 

> 



f^¥ 



A(w P )-fv^ 



> 



1.11-41 



1.11-42 



1.11-43 



1 . 1 1 -44 



1.11-45 
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♦ ShqwhwG h piugwpdwb mpmqnipjniGGbpp qnjmpjwG mppnijpGbpp 
ShnuilpuQ u puiguipduili uipuiqnipjniQQtipp qnjmpjuiQ uippnijpQhpp npn2apu huiiiiup QhQp iqhuip t oqim[bQp 
(1.11- 29)-pg U (1.11 — 45)-ni[ inpipufr puiguipduili uipuiqnipjuiQ puiQuidhpg: lljuiqpunil iShQp iqhinp t pudhQp hhuihjuq 
luQhuiqMiiuuipnipjniQQhpp huiiSuilniipqp. 

w > 
l+sf >0 

,., — w 



1.11-46 



f^¥ 



> 



tjuihiiluifr s qnpfruiqgp npn2iiuiQ inppmjppg* Q2iuQpg, uihnuilpuQ U puiguipduili uipuiqnipjniQQhpp mQhQ qnjmpjuiQ 
hhinhjuii inhpmjpQhpp. 



J ui) 


hph 


s < 


uiiqui 


< w < — L c 


U 


< Wp < CO 


Lp) 


hph 


s > 


uiiqui 


< w < CO 


U 


< Wp < CO 



1.11-47 



4. Urfhllw[iGi]hujllmp qhujp[i 



s* 
8*0 



1.11-48 



UiSpnqg lihp hnrppufrt} QilppqMii& t hhQg uiju uiiihQuipQnhuiQnip qtuqph hhuiuiqnuiu'uiQp: UjQiqhu np uijuinhn iShQp 
qpGGuipqhGp iJpuijQ inhnuilniiQ h puiguipduili uipuiqnipjniQQhpp npn2iSuiQ uiJipnipQhpp: 

♦ SbqwbwG wpwqmpjmGGbp[i qnjmpjwG m/ipmjpGbpp 
UJuujuiUi uiuipui&nipjuiQ iShg inhnuilniiQ uipiuqnipjuiQ qnjmpjuiQ inppmjpp npn2hpii hunSuip, uipuiqnipjuiQ ninjni quid 
huiquiqpp ipQhip quiploip jt h hhinLuipuip uiju uiiShQuipQqhuiQnip nhiqph hunSuip QhQp l}iupnq hQp npn2tq inhnuilniiQ 
uipuiqnipjniQQhpp qnjmpjuiQ inJipmjpQhpp, l}iujuq'ui& dmiiuiQuiliuiuiuipui&nipjuiQ Ijuinnigq'ui&pp pQmpuiqpnq s u g 
qnp&ui qpg Qhpp npn2iSuiQ uippmjpQhppg: Ujuu[puni[ iShQp u[hinp t pudhQp (1.9 - 32)^4 uipq'ui& uiQhuuluiuuipnipjniQQhpp 
huiu'uilpjipqp ljuiiSiujuil}iuQ qpuilniiQ w inhnuilniiQ uipiuqnipjuiQ huiiiiup, pQ^ujhu gmjg t uipijuift uinnpL. 

w > 
l+sf >0 

l+S^r+g^ >0 
C 

(1.11 - 49)-ni[ uipi[ui& uiQhuiq'uiuuipnipjniQQhpp huiiSuilnupqp dhQp ljuipnq hQp qptq QuiU hhinhjuii uihupnq\ 

> 



C + 2g 



g-a*r 



> 



(1.11- 50)-Ji QpuijQ uinuijpQ U hplipnpq uiQhuiqMjjuuipnipjniQQhppg ppamiS hQ inhnuilpnQ uipuiqnipjniQQhpp hhinhjuii 
qnjmpjuiQ uippmjpQhpp, quihii[ui& (JunSuiQuiljuiuiuipui&nipjniQp pQmpuiqpnq s qnp&uiljgp npn2iSuiQ uippmjppg* Q2UiQpg. 



r i) apt 


s < 


uiiqui 


< w < — L c 


\ 2) hph 


.v > 


U1UJU1 


< W < CO 



1.11-49 



1.11-50 



1.11-51 



l>ul} (1.11- 50)-p hppnpq uiQhuiq'uiuuipnipjniQp QhQp ljuipnq hQp uipnhtuhphp hQpuiqhujphpp l}uijuq'ui& g qnp&uiqgp 
npn2iSuiQ uippmjppg hhuiUjuq Ijhpuj. 
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ui) g >(-§-*) 

p) < g <(|5) 2 

q) g<0 



1.11-52 



Ujchi iJhppii&tiQp (1. 11 - 52)-ni[ uipL[uj& hQpuiqDUjphppg jnipiupuiGympp (1.11- 51)-p hhin hunSuiintiq: 

uj) bpp g >(ys) luupii (1.11- 50)-p hppnpq uiQhiui[iuuuipnipjuiQ diupa Ipiipip pulprnqhu iip2in qiJiQp 

lyiuilpuQ lih&nipjniQ U hhuiUiupuip w uihnuilpxiQ lupiuqnipjniQp l}iupnq t iuQdGuil guiQlpugiud (rpiuilpxiG) 
uipdhp: Uj GmhtunL huniuiuiDnhpiil uijq qnjmpjuiG inppnijpp (1.11 - 51 )-ni[ inpipufr qnjnipjiuQ mppnijpp hbin, 
ilbQp uiju hGpiunhiqpp hunSuip quuiuiGiuGp uihnuilpiiG uipiuqnipjuiG hhinUjui^ qnjnipjiuQ uippiujpGhpp: 




1.11-53 



p) bpp < g <(y.s) uiupu (1. 11 - 50)-p hppnpq iuQhiui[iuuiupnLpjniQp iSUGp Ipupnq hQp qph^hhuilijun 
qhpuj. 



ill + ^L ) > ( I S \ 8 > 



2 § J g 

(1.11 - 54)-ni[ inpipiifr uiQhiuq'ujuujpnipjujQ uipiSimnGhpp IpJiGhG 



W2 = 



|(t*-M s > 2 -*) c 



■EuiGp np ujju hQpuiqhuipp hiuiiuip g > 0, hhuiUiupuip W\ U Wi uipiiuiuiQlipp iSpjU iip2in inhnji iuGp hhuiUjun 
umGyupjniGp. 

-ihinlaupiup, huniuiduijG (1.11- 56)-p, uiju hGpuiqDU[pp hiuiiuip (1.11- 54)-nU 1 uip^uift uiQhiui[iuuiupnipjiuQ ilhg w 
inhrpuquiQ uipuiqnipjiuQ hplpu qnjmpjiuQ uippiujpQtipp IppQhG. 



w < W\ 



W > W2 



(1.11- 57)-ni[ inpipiifr mGhuiqMjiuuipnipjiuGGDpp huiiiuiuiDq piL&hpii[ (1.11- 51)-ni[ inpipufr uiGhuiqMjiuuipiupjiuGGDpp 
htun, lihGp i^hpgQuiljiuQuiLLihu, uiju hGpuintiiqpp hiuiSuip, IpnniuGuiGp inhrpuquiQ uipuiqmpjiuG hhuiUjun qnjiupjujG 
inppnijpGhpp. 



1) hph < g < (y.s) U s < uiupu < w\ < -znrC < W2 hhuiUiupuip < w < w\ 

2) hph < g < (y.s) U s > uiupu wi < wi < — j- c < hhuiUiupuip < w < oo 



1 . 1 1 -54 



1.11-55 



1.11-56 



1.11-57 



1.11-58 



q) bpp g < uiupu (1.11 - 50)-p hppnpij uiGhuiqMjiuuipnipjniGp lihGp Ipjjpnq hGp qptiL hhinLjuiL qhpu}. 

4,b2 ul t huiiinqi[til, np uiju hQpuiiihiqpp hunSuip, uiQquiJu s qnp&uiljgp Q2iuQpg, (1.11 - 55)-ni[ inpi[ui& W\ uipiiuiuip 
iSp2Ui qpiuqiuQ t puq Wt uipiiiuuip iip2in puiguiuuil}iuQ. 



^2= 4g^is-^^ S ) 2 - g y<o 



1.11-59 



1.11-60 
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UjupQpQ, himSuiduijQ (1. 11 - 60)-p, w\ U wt lupiiuiuiQhpp iSp$>U iip2in uibilp niQp hhuiUjuiL lunGyiLpjniGp. 

W2 < < W] 

<hinLuipuip, huiiiiuduijG (1.11- 61)-p, ujju hGpuiqhuipp huiiSuip (1. 11 - 59)-niJ uipU_ui& iuQhiui[iuuiupnipjiuQ huiduip w 
inhrpulpud uipuiqiupjiuQ qnjiupjuiQ inppiujpp IpJiQp. 



\W2 < W < Wl 



(1.11 - 62)-ni[ inpipufr uiQhuiqMjiuuipnipjiuQp hiuiiuiuitiq pu&hpii[ (1.11 - 51 )-ni[ inpipufr uiGhuiqMjiuuipiupjniQlItipp hhin, 
tShQp 4hp2Q ul U UJ Q | - uu lt' u > m l u hQpuiqhuipp huiiiiup, quuiuiGuiQp uihrpulpxiQ uipuiqiupjuiG hhinLjuiL qnjnLpjiuQ uippiujpGhpp. 




g < U .v < 
g < U .v > 



uiupu W2 < < wi < rzJ"C hhuilaupuip < w < wi 
uiupu W2 < < wi hhuiUiupiup < w < wi 



1.11-61 



1.11-62 



1.11-63 



ShrpulpuG lupiuqmpjniQGhpp pnpip hGiupiu^np qnjmpjiuG inppmjpGhpp inpipiifr hG uuinph. 



g<0 
g = 



s < 



I 0<w<wi I < w < c 



> 



I < w < w\ 



0<w<<» I < w < co 

< g <(y.S')' I 0<W<Wl I 0<W<OO | < W < CO 

g >(^-.v) 2 I < w < — y c I 0<w<t» I < w < co 



flpinhri Wi U R>2 uipuiqnipjniQQhpp inpi[ui& hQ (1. 11 - 55)-ni[. 



1.11-64 



♦ Piugmpdwb wpwqmpjmGGbpp qnjmpjwG inppmjpGbpp 
Oquiihhpiil (1. 10 - 19)-n4 uipi[iu& lunGyupjniGpg, pGjiqhu Qiuh (pGn.qdniiS 1-24)-pg, iShGp IpnniuGiuGp hhinUjuiL 
mGhmiliuuiupnipjniGGhpp hiuiSiulpupqp, npp U iqhinp t pudhGp. 

w P > 

wl 
8—T- < 1 



1.11-65 



^uiu'iudiujG (1.11- 65)-p, 4,uijl}iulpuG hiupiuphpiulpxiGnipjiuG hiuinmlj inhumpjiuG lihg piugiupdiulj uipiuqnipjiuG 
qnjnipjiuG uippmjpp l}iujuq'uj& t dpiujG dmdmGwqiuuiiupiu&nipjiuG Ipunnigihii&pp pGmpiuqpnn. g qnp&iuljgp G2iuGpg. 



r i) tpt 


g<0 


uiupu 


< Wp < CO 


| 2) hph 


g>0 


uiupu 


< w P < cjf 



1.11-66 



Piugiupdiulj lupiuqmpjniGGhpp pnpip hdiupiuipip qnjnipjiuQ uippmjpQhpp uip^uift hd uuinpU. 



g\s 


I 


.v < 


I .v = 




.v > 


g<0 


I 


< Wp < CO 


I < Wp < CO 




< Wp < CO 


g = 


I 


< Wp < CO 


I qnjnipjniG jmQp 




< Wp < CO 


g>0 


I 


< Wp < cjf 


| < wp < cj± 





< Wp < cff 



1.11-67 



CQliq&nnI 1-28 - Updb wmiiGdGwhwmml] G^bi, np wpwqmpjwG iSbdmpjwG iSwupG wpqp ^ppqplpujmG uippnq pwnup 
(dwuGpbp imjupg wpwq jp Ipupnq 2iupdi[bi pb njj umwpwgbi t iSpwjG m iSpwjG wjG upumtiumnil, np ^p u/wpquju/wGi/niG pb 
n"p wpwqmpjiuG dwupG t pjnupp' uibqwbuiG lupwqmpjwG pb pwgwpdwli mpwqmpjwG: 



62-82 



Upuj^uiip Injhpp ^uipuiphpiuquiG CuipdiiuiG ShumpjiuG 



1.12 - cfuiiJuiQuil[uiuiui]iui&uij]iQ 9Uuii|infunipjniQQh]i]i \jhjiljuijuigniiSii 
llruniuuiljuijJiQ -^uii]uiuui]ini.iJGb]i]i Sbupnij 



UhQp quipnq hQp lipiujuiip Injhpp hunSiup uipiniu&iluj& 4,iujlpxilpjiG hiupiuphpujlpiiGnipjujG himniulj inbumpjuiQ 
dLuiipnpinipjuiG himluiuiupnuiGhpp QhplpujuigQh^ QiuU uir|jnmuil}iujpQ himpuuiupnuiGtipp inhupni[: 1-pui hunSiup iShGp iqhinp 
t oqimlbGp (1-8 - 15)-ni[ U (1.8 - 17)-ni[ inpipiifr hiujhpoijpQ uiGqpiurpupdipi 1 '* ^uijquilpiiG 6UunpnJunipjuiQ 
hiui[iuuuipniiiQhppg, pG^iqhu QuiU ppiup GquiuiiSuiiSp hiupiuphpujlpiiG 2uipdiJujG i5h$> qinflipiq hplpu iniupphp pQhpgpuiL 
hiuiSiulpjipqhpp (1.8 - 25)-ni[, (1.8 - 26)-nq\ (1.8 - 27)-ni[ U (1.8 - 28)-ni[ inpipiifr <iujquilpii(I dlauipntunLpjiuQ 
hiuipiiuuipnuiQtippg, lyiuiGg lihg upuhupuQhpiil juiipnrpulpuQnipjiuQp U duiiiuiQiuq - iniupiufrmpjiuG hhppuilpjjGiupjiuQp: Ujq 
Qu}iuuiuil}p hiuiiuip Guipi qphGp K 1 U K nu]pi\ U hiuquiqpp hplpu pQhpgpun huiiiuilpupqtipp dpgU <uijquil}iu(i 
dUuiipnpampjujQ hiuipuuiupnuiQtipp upuhiuQ50 1 ui& Ijuipqnil: 

♦ 4wjl]iubwG dbwipnpjmpjwG hiuGwuwpmilGbpp K L K iSpwjG mqpq pGbpgpwi hwiSwbwpqbpp iSpgL 



flu]pri dUuiipnJunipjniQQhp 
x=-y(?)3r(c7) +7 (v)x 



<uilpunuipd dUuiLpnJunipjniQQhp 

= r(V)(i + 4)(c/) + ,r(V)l 

= -r(V)^(c/) + y(V)?' 



1.12-1 



♦ 4wjl]iubwG dbwipnpjmpjwG hiuGwuiupniilGbpp K b K tlpwjG hwqiuqpp pGbpgpwi hwiSwbwpqbpp ifppb 



flu]pri dlauipnhmipjniQlItip 

cV = r(?)(c7)- g7 (y)3-<x 

-'-r(v)f( c V) + r (^)(i + 4)5 



<uilpmuupd dUiuipnpanipjniQQtip 

f = y (v)i( c r') +r (v)(i + 4)s 



1.12-2 



♦ 4wjuwbwG dbwipnpjmpjwG hwUwuwpmiSGbpp K hwbwqpp b K mqpq pGbpgpwi hwiSwbwpqbpp rfpph 






c7 = 7 (y)(c7') +7 (y)(s+gj-y 



1.12-3 



— V <— 

♦ 4iujl]iul]iuG dhiuifmfampjiuG hiui/iuuiupmifGbpp K mijpi] h K hmlpurifip ]iGbpg]iiu[ hmGiulpupqhpfi rffipL 

c ?' = y (i9(i + 4)cV + 709[*( 1+ 4)-*l-]* 

^ = -r(v)l(cV)- r (^)(i + 4> 



1 . 1 2-4ui 



r( v)(i + 4) c r , +r (v)[,(i + 4)-,i]5 



1.12-4 P 



UhQp dwiSuiQuilpiiinuipuicnupjuiQ duiiiuiQiuqp U inuipuicnupjuiQ uinuiQgpuipiltipp quipnn hQp Qhpl}uijujg(itn iShq 
ujiuGuilpuQp uirunmuiliQhpnil U hhinUjuq Q2 ul< lP nl PJ ull Sp- 
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♦ K h K mijpij pGhpgpwi himSiuhwpqbpmii 



ct 

X 



1.12-5 



♦ K L K hwlpuqpp pGbpgpwi hwiSwlpiipqbpmiS 



ct 

x 



1.12-6 



<uii5uiduijG (1. 12 - l)-ni[ U (1. 12 - 2)-niJ uipipuft mqpq U huilpiirpupd 6UunpnJunipjuiQ hujipiJuuipnuSGQpp, pG^ujhu QuiU 
(1.9 - 31)-ni[ U (1.9 — 33)-ni[ inpipiifr puiGiudUhpp, niripri U hiulpurpupd dUunpnJunLpjuili puinuilpuup uir|jnmuil}Qhpp iShGp 
Ipiipnq hGp qphl hhinUjiu^ G2 ua qpnLpjuiu'p. 



I = r(v) 



I = r(V) 



v_ 

c 



l + .vl ,1 



1 



-r(V) 



y(?) 





1 


"4 




- 


— > 
V 

c 


i+4 


- 


- 


1 


si 


- 




V 

C 


i+4 





1.12-7 



r>ul[, huniuiduijG (1.8 - 15)-ni[ U (1.8 - 17)-ni[ inpipufr hiujhpoijpQ uiGqpiurpupdipiifr ^lujlpulpuG 6UunpnJunipjiu(i 
hun[iuuuipniii(ihpp dhuiipnpjnipjuiG puinuilpuup uinjmuuilni lihGp Ipjjpnq UGp qph^ htunLjuiL G2 ua qpnLp.puu'p. 



h = 


1 s 
-1 



1.12-8 



OquiUhpiil (1.8 -9)-nilU (1.8 - 24)-nil uipUui& puiQuidliQppg, pG^uhu QuiU (1.9 - 27)-nil U (1.9 - 29)-ml inpipjifr nuipn U 
hiulpjjqpp huipuiphpiulpuG uipuiqnipjniQQtipp huniiup y qnp&uil[pgQhpp puinuilpuuni puiGiudLhppg, hQ2in t huiiinqi[til QuiU np 
(1. 12 - 7)-ni[ inpipufr ^uijlpulpiiG mqpq U huilpiirpupd dliUnpnJunipjniQQtipp puinuilpuup uinjnuiuilplQpp puiipiipuipniu' hQ 
hhinUjun uinuyupjnLuutippG. 



II -e U 


1 


= 


1 


= 1 



1.12-9 



XiUuiGunnhu hh2Ui t huiunqilhl np (1. 12 - 8)-ni[ inpipiifr huijtuuijpG uiQnnuirpupdu'uiu dUunpnJunipjiuQ puinuilpuup 
uinjmuuilni niQJi hQmujWLhuiuilpupjniuutipp. 



( : r- 



Ipuii np Qmju t 



& 



= -1 



1.12-10 



Oquupjpul (1. 12 - 7)-nil uipi[uj& huipuipupuilpuQ 2uipchSuiu puinuilpuup. iunjnmuil}Qhppg u (1. 12 - 8)-ni[ inpipud 
huijtuuijpG duuupnpjnipjuiG uinjmuuiqpg, iSuup Ipupnr^ QQp IjujqiSb^hhuilijun uinjnmuilpujpQ uipinuinpjuiu'iQpp, npnup 
QmjGiuQu huiGqpuuiGnui uu puinuilpuup. uinjnuiuilpiQp. 



h| = r (y) 



hf = y (V) 



1 s + g^- 

t- -1 



1 *+«i- 

£- -1 



y(V) 



-r(7) 



1 +s- 



1 +s- 



<i+4)-4 

,v(i + 4)-4 
-0+4) 



& 



1.12-11 



^h 
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(1. 12 - ll)-ni[ inpipufr h, i; U ^ puimulpuup uiqjnmuilpjtipp piump uipuiuiqpjuqQapp npn2p^Qhpp IpJiQhQ. 



H 



H 



= -l 



M^iqtm QuiU h, £, U ^ pmnmljnmp mixjnmuiliQhpp lipjU qnjnipjniQ mQhQ hhinlijui^ uinQjnipjniQQhpp. 

| = h|h 
|=h|h 



1.12-12 



1.12-13 



Ujdii oquiqMipiq' (1. 12 - 5)-nq\ (1. 12 - 6)-ni[ u (1. 12 - 8)-ni[ inpipufr uiqjniuuiqQappg, iShQp Ipupnq hQp (1.8 - 15)-n4 
inpqiufr huijtquijhG uiGqpuiquipdqiufr ^uijlpulpuG duuiipntuiupjuiG huiqiuuuipniu'Gtipp qpbt uiqjnmuilpujpG huiihuuuipiiuiG 
inhupni[ hhinUjun qhpu}. 



K' pdhpgpuiL huiiSuilpjjpqnuS 



hf 



K pGhpgpuq huuiuilpupqnui 



hf 



ct 

X 


= 


1 s 
-1 


— >' 

Ct 

—>' 
X 



ct 

X 


= 


1 s 
-1 


ct 

X 



\>u'uiGuiiuhu (1-8 - 17)-ni[ inpipufr huijtquijhG uiGqpuiquipdqiufr ^uijlpulpuG duuiipntunipjuiG huiqiuuuipiuu'Gtipp iShGp 
Ipoipnq hGp qptq uiqjiuuuiquijpG huiqLUUuipiSuiG uitiupnq' hauiujuq l}bpu[. 



K' pGhpgpuiL huiiSuilpjjpqnuS 



hf 



K pGhpgpuq huuiuilpupqnui 



hf 



— >' 
ct 

— >' 
X 


= 


1 s 
-1 


ct 

X 



— > 
Ct 

— > 

X 


= 


1 s 
-1 


<— 

Ct 

<— 
X 



f'ul} uijdii t^ oqimpXnq' (1.12- 5)-nq\ (1. 12 - 6)-nU [ U (1. 12 — 7)-n\\ uipqiu& uinjnmuilpiQppg, lihGp Ipupnq hGp 
(1. 12 - l)-ni[ inpipufr niqpq u hiulpiiquipd <iujlpnlpuG duiuipnpinipjiuG huiqiuuuipniu'Gtipp qptq uiqjniuuilpujliG huiipuuuipiiuiG 
inhupnq' hhinUjun qhpu}. 



Hiqpq duuidintunipjniGGtip 



§f 



iuilpiiquipd dUuiqhnhanipjniQQhp 



fjf 






y(V) 



— > 
v 

6' 



1 



r (V) 



v 
c 



1 



— »' 

A' 



\>iiuiQuunhu (1. 12 - 2)-ni[ inpipufr niqpq u hiuquiquipd <uijlpiilpuG duiuipnpjnipjuiG huiqiuuuipnuiGhpp iShQp ljuipnq hGp 
qptq uiqjnmuil}uijpQ huiipuuuipiiuiG inbupni[ hhinLjuiL Ijlipuj. 



1.12-14 



1.12-15 



1.12-16 



Hiqpq dhuiipnJunipjniQQhp 



f;f 



4,uilpiiquipd duiuipnpjnipjniGGhp 



§f 



= r(v) 



l+S-£ 



Ct 

x 



ct 
<— 

.V 



= r(v) 



-si 

1+5^ 



(1. 12 - 16)-ni[ u (1. 12 - 17)-ni[ inpipufr niqpq u huilpiiquipd dLuiqin]iinipjniGGDpp uiqjniuuilpjjjpG huiqiuuuipniu'Gtipp 
hplpu Ipiqiihpp piuqiiuiupuinlpjpiq' duipipg h uiqjniuiulpiq' U hh2hpii[ GuiL (1. 12 - 14)-nil U (1. 12 - 15)-n4 uipqiuft huijhpujpG 
uiGqpiuqiupdqiufr dUuiipnJunipjuiQ uiqjniuuilpjjjpG huiqiuuuipniu'Gtipp, lihGp IpiuiuiGuiQp (1. 12 - 3)^4 U (1. 12 - 4)^4 uipqiuft 
dhuiqinlTinipjniQQapp uiqjniuiulpujpG huiqiuuuipniu'Gtipp. 





1.12-17 



1.12-18 
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1.13 - ^bjipuipuiG ljuiiS UiSi|im|iniiJ 



<uijlpjjlpiiQ <uipuiphpiuquiGnLpjiu(I 4,unnniq ShunipjmQp huipmuui t Qmpp U qdqMup piipQtqp, 2iuin qhiqpDpniiS uinopjui 
l}hQuunpnpdpQ huilpuunq uiGuupuutiip quirpmpuipGbpni[: ftp uiju hnqi[ui&p iSpuijG jp pGnhuiGpuigGnuS iSpG^U lujdiS hrpu& 
inhuiulpuQ uipryrnQpOtipp, uiji uiniuQg npUt uuiMiuQuiipuiljiiuiG, liuipnip dmptuSiuinpquilpxilI linuihgiSiuQ lipgngnij, ipnpfiniiS t 
pQ^-np iSp QnpnipjmQ ni puipiimpjniQ liingQh^ hiupiuphpuil}iuQnipjujQ hiuinnilj inhmupjuiQ quirpmpuipGhpp inmuipiuQiSuiQ U 
tJhqQuipuilIu'uiQ huipghpnui U mqnhQ2nLii t diuiGuiupuph iSpuigjuiL nui2Uip inhumpjiuQ IpumugiSiuQ huiiiuip: 

GQphpgnqp Ipupnq t Qqujintq, np iShp hnrplui&nuS, lipiujuiip ^pJiqplpxiquiQ inuipiudnipjuiQ lihg, diuiSiuQuilpi U 
inuipiu&mpjnLQp, puigiupduilj uipuiqmpjiuQ piurpuqpp^Ghpp U pQnhuiGpuiiqhu pnpip puiguipduiq $pqplpulpjiG iSh&nipjniQQhpp 
pqMiijpQ ^ iniupuifruiquiG puirpuqppjQhpp huiGqpuuiGnui hG hpl}^unp pdJ^P, pulj hnui^unp IppqpquilpiiG inuipui&nipjuiG iSh$> 
d 1 hpnG2juq lih&nipjmQQhpp pi[uijpQ U inuipuiduiquiG puirpuqppjGDpp IpnuGqliuujGuiG puinui^uiip pd 1 t'P : 

■<uijquilpiiG ShunipjmQp liiuphiSiuinplpiphG ujjGpuiG Imm t h Ipuiniupjuq, np uijG £p Ipupnq iJiQb^ upiuq: <hinLuipuip iShp 
IpirpSpg uimugi[iu& ^wjquilpiiG 6UunpnJunipjiu(i huiqMjauuipnuSGhpp iqhuip t ipnpmippGhG LnphQgp dUuiipnpanipjuiQ 
himpiiuuipnuiQDppG h uiiipnqj IppqpquiQ iqhuip t qMjpujQnpnqdJi: flpn^hhinL LnphQgp dUuiUintunLpjiuQ huiQjuuuipnuiQhpp 
hiuQqpuiuQnuS hQ ^uijquilpiiG huipuiphpiuquiQnipjiuQ huiuimq uihumpjuiG dliUidinpanipjiuQ hiui[iuuiupniiiQhpp iSp 2Uiin 
iSuiuQuiilnp qhiqpp, hpp 5 = h g = -1: 

Uju piudGmiJ ludipnip 2iupiuruitiQj) iJhp uiniugiu& Ipuplmp lupryniGpGhpp: 



1 . ■iuijUmbuiG hmpiuphpLuUmGnipjuiG huiwmb whumpjiuG dLuiifinpjmpjwG hwGuiuiupmGGhpp: 



♦ 4injb[ujjpG wGi}pwqwpdq'w& <tujjfyiul/ujG dbwipnfumpjwG hmGuiumpnuSGbpp 



K U K pGhpgpuq huniuilpxipqhpp lipgU 



K U K pGhpgpuiL himSiuquipqhpp iSpjU 



Ct = ct + sx 



ct = ct + .sx 

<— — » 

X = —x 



1.13-1 



♦ •CwjlfiulpnG dhwipnpjmpjwG huiGmuuipnuSGbpp K b K mqpq pGbpgpwi hwiSiulpiipqbpp ilpgb 



flu]pri dUuiUin[unipjni(i(ihp 

7'-r(v)[(i + 4)r +g ^] 



r(y)(x-^j 



4,uitpiirpupd dUunpnJunipjniQQhp 



t = y 

x = y 



W[( 

(•)( 



»1P +Sfi 



'] 



1.13-2 



♦ 4wjl]iuliwG dbwipnpjmpjwG hwdwuuipmiSGbpp K b K hwljiuqpp pGbpgpwi hwUwljiupqbpp ilppb 



< 


fliripri dUuiLpnhanipjniQQhp 

u < 
*' = r00[(i + 4)*+^] 


<uiquiqiupd dUuiq^nJunLpjniQQtip 

'v = r (v)(r'-^') 



1.13-3 
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Upuj^uiqi Injhpp ^uapiuphpuiquiG CuipdiiuiQ ShumpjniQ 



♦ Q-wiStlw qnp&wbpgGbpii, hwiSwdwjG (1.9 - 30)-/z b (1. 10 - 20)-/;, niGbG hhuiLjwi wpinwhwjumipjniGGhp[i 



r(") = 
7 (V) = 



i+*-*-+*-V 



l+sjr+g- 



= A(v P )-i.s--^>0 



A(v P ) + i.v^E- > 



1.13-4 



■{uijquiquiQ hmpuiphpuiquiGmpjuiQ huiuimq uihunipjuiG dUuiipnJunipjuiQ huiqMiiuuipnuiGapp, huiiSuiduijG (1. 10 - 29)-p U 
(1. 10 - 30)-p, iShGp uipuiiuhuijuiagpGp GuiL v P puigiupduiq InupuiphpuiquiG uipiuqnipjuuSp: 



♦ <Zwjhiul]wG dhwipnpjmpjwG hiuGwuiupmilGbpp K L K mqpq pGbpgfiwi hiuiSiubwpqbpp iSppb 



Hiqpq dUunpnJunipjniQQhp 


^uiquiquipd dUuiipntunLpjniQQhp 




f 

7 = 


A(vp)+fv^ 


f + g—fx 




7 = 


A(Vp)-1^ 


7 +g-^f 7' 


< 


x — 


A(v P )-i,i 


x — V p t 


U < 


X = 


A(vp) + fv% 


X + V p t 




< J 




V J 



1.13-5 



♦ ■iwjUwbwG dbwipnpjmpjwG hwGwuwpmMbpp K b K hwbmqpp pGbpgpw[ hwtfwUwpqhpli iffipb 



Htqpq dliUnpnJunipjniQQhp 


^uiquiqujpd dUiuipnpjnipjnililitip 




c 

t = 


A(vp)-f^ 






f 
<— 
t = 


A(v P ) + |.s'4 L 


<-' Vp <_' 

t +g—fx 


< 


x — 


A(vp)+fv4^ 


X + Vp t 


U < 


x = 


A(v P )-|^ 


X — Vp t 




< J 




L J 



1.13-6 



♦ LiutSqw qnp&wbpgp, hwdwdwjG (1. 10 - 2l)-p, mGp hbinbjwi wpdbpp 



A(v P ) = Jl-te-is 2 )^- 



1.13-7 



♦ <ZwjhiubwG hiupwpbpwhwGmpjwG hwinnib inbumpjwG dbwipnpjmpjwG hwGwuwpmiSGbpp 
uimuGgpuipObpii pwilwpwpniii bG (1.9 - 39) -nd inpGwd iSpgwbwjpp hbmbjmi UGwjmG wpiniuhwjinmpjiuGp 



b 2 — X() + .SX X + gX — X() + SXqX + gX — Xq + SXqX + gx — Xq + SXqX + gx > 



1.13-8 



2. d-LuduiGmbp, hpUmpnipjuiG L quiGqUuifrfi ipnipnpjmpjniGGhpp 

LnphQgp huipiuphpuiquiGmpjuiG uihunipjniQpg ppinuS t np quipnq hQ inhnp iuGhGuq iSpuijG 2uipdd l nq dnnp quipSuignuS, 
2iupdilnr[ duiiSuigmjgp duiiSuiGuiqp qiuGqiuqiuu' u 2iup<J4 nr l tfuipiSQp quiGqq^udp lia&uignuS: Puijg <uijquiquiG 
huipuiphpuiquiGnipjuiG huiinmq uiQuiupjiuGpg hhinUrmS t, np qiupiq^ud dmuuiGuiquiinuipuidnLpjuiG Ipunmgq'iu&pp 
pGmpuiqpnq s U g qnpdui qpg G hpp iSh&nipjmQpg, 2UjpdU 1 nq dnqp quipnq t u quipiSuiGuq u hpquiptq: I^uq 2 UJ P < ^ l l nr l 
duu5uigmjgp uiQquiquiG duiiSuiGuiqp QnijQiqhu quipnq t u quiGquiqtqU uipuiquiGuq: bi q'hpguivqhu, 2uipdipiq uuipiSGp 
qiuQqq'ui&p l}iupnq t u uiiStq U Qijuiqlq: O-piu hunSuip iSbQp hpl}iupnipjiuQ «lpiipiSuiQuq», diuiSuiQujlip «qiuQquiqtq» quid 
quiQqq'uidp «uiiStq» uipuiuihuijuinipjniQQhpp qhnJuuiphQ oquiuiqnp&rmS hQp «q L inq 1 inJunipjniQ» uipinuihuijinnLpjiuGp: 
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4,uijl}iuliuiQ -iuipiuphpuilpuQnipjuiG ^imnniAj ShuiupjniQ 



♦ w wpwqmpjwitp jwpdi/nq / u hpbwpmpjmG mGbgnq dnqp bpbwpmpjmGp mqpq b hwbwqpp pGbpgpw[ 
hwiSwbwpqhpnirf, hwrfwdwjG (1.3 - 4)-/z, (1.3 - 8)-/z b (1. 10 - 20)-/;, bmGbGw hbmhjmi i/im/infumpjmGGbpp. 



r(w) i c c 2 



h 






w . „ w 



a , ■> 1 W P 

/o 

A t \ 1 Wp 



1.13-9 



♦ fliqfiq I* hwbwqpp pGbpgpw[ hwdwbwpqbpmd ^wpddnq dnqfi bpbwpmpjwG wilbigmlifi pwGwdbp 









_> 








Wp 










Al = 


= i - 


- / = 


S"*o 

1 w p 














c 



1.13-10 



♦ w wpwqmpjwiSp 2wpdi[nq dwiSwgnijgp to uibqwbwG dwitwGwbp mbnqmpjniGp mqpq L hwbwqfip 
liGbpgpwi hwiSwbwpqbpmiS, hunim&mjG (1.3 - 15)-/;, (1.3- 19)-A (1.9-31)-p & (1.10-20)-/, bmGbGw 
hbmbjwi ipnipnlumpjmGGbpp. 



t = yS(w)f u = y(w)fo 



f = yS(w)f = y(tv)f„ = 



1+5-^+g- 



c c 1 



A(w P )-fv^ 



A( Wp ) --§-*-=* 



1.13-11 



♦ fliqfaq It hwbwqpp fiGbpg/iwi hwGwbwpqbpmG 'jwpddnq dwiSwgnijgp dwdwGwb/i inhnqmpjwG ujdbigmb/i 
pmGwdbp 



At = t - t = s—^-to 



1.13-12 



♦ w uipwqmpjiuiSp 2iupdi[nq mo hwGqum[i qwGqdwdp mqpq b hwbwqfip pGbpgpwi hwiSwbwpqbpmiS, 
hwdwdwjG iSbp hwpnpq hnqi/wdp, bmGbGw hbmbjwi i/im/mfumpjmGGbpp. 



m(wj = yCwjmo 



= m(wj = y(wjrm) — 



m u 



w , „ w 



i + s^+g 



1+sf + g^- 



A( Wp ) -!*-=* 



A(w P )-|.v^ 



1.13-13 



♦ fliqfaq li hwbwqlip /lGbpg/iwi hwGwbwpqbpmG ^wpddnq GwuG/ibp qwGqi/wdfi wdb[gmb/i pwGwdbp 



Am = m — m — smn-r = sm J 



1.13-14 
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Upuj^uiq'i Injhpp ^uipuiphpiuquiG CuipchiuiG ShumpjiuG 



3. SbqwlpuG L pujgmpdwh wpwqnipjmGGhpp qmrfwpifwG L hwGGwG pwGwdLhpp 



♦ Sbqwl]iuG wpwqmpjmGGbpp qmiSwpUwG U hwGiSwG pwGwdbbpp 



1-8- 



l+sjr+g- 



1.13-15 



♦ fiwgwpdwh wpwqnipjmGGhpp mwpw&whwG pwqwqpfcGhpp mwppbpmpjwG U qmiSwpp pwGwdbbpp 



Up = A(vp)wp-A(w P )Vp 
w P = A(vp ) u p + A(wp ) v p 



1.13-16 



♦ fiwgwpdwh wpwqnipjmGGhpp piJwjpG h mwpw&whwG pwqwqpfcGhpp Upgb qnjmpjmG niGbgnq UGwjmG 
wnG^mpjm Gp 



(Wp) + .VWpWp + g(_Wp ) = (Wp J + SWpWp + g^Wp^ = ( « p I + SUpUp + g{ll f J = I » p I +JMpUp+^( i « E J = C" 



1.13-17 



♦ SbqwhwG h pwgwpdwh wpwqnipjmGGhpp rfpph bqw& wnG^mpjmGGhpp 



= /(w)w = 



C. c 2 



r(w) 



A(wp)-i,^£ 



Wp = f(w)w = 



1+s^ + g^- 

c c 



' v ' A(wp)+ y s c 



1.13-18 



Up JuQqpiuQp lihp hnq^uifrp IpuiS qppnijljp huipqiupdiuQ pGphpgnqGhppG: OuipiuqpiSuiG lihg uiiquiqpujlpiiG JjipiqiuiSGhp 
hiujinGiuphptqm. qhiqpmiS, tuGqpmiS hGp inhqjuiq upuhtq lihq tlblpnpnQuijpQ ipnuinnil: I^uq hph rpiip hiujinQiuphphp 
piiuiuinuiuppiuquiG quiii dmphiSuiinpquiljuiQ uuijpiupnuSGhp, irnqui Ghpnq IpJiGhp: 'l-ui iSpiipuijG lihp lihqpG t U nj ph 
<uijquil}uiQ ShumpjiuG quiii uiniuq'tiL Uu iSiuphiiuiuiplpiijp, mii hhui lihp huiqnpqiuqgnipjniQp uijq upuhpQ Ipxipnq t pnquigtq tp: 
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4,uijlpxiquiQ -iuipiuphpuilpuQnipjuiG 4,uiinmAj ShuiupjniG 



<uii|h^i[ui& 1 - Lpuignig]i£ UuiphiSuiui]iliuiliuiQ PuiQuidUhp 



(1.8) puidQpg v, u U w mqpq U huilpxiqpp uipuiqnipjmQQhpp hiuiiuip lihQp Ipjjpnq hQp uiniuQuiL hhinUjui^ puiQuidUp: 



(l-^)(l-^)(l-^)(l-^)(l-^)(l-^) 



= 1-*- 



l- g - 



1-8- 



M^qhu QuiU hhinlijun hphp puiGuiduhpp. 



(i-^X 1 -^) 



■ 8 *$-)(l -,**.) 



1-g- 



f _w -„-s (l-8^-)(l-8^-) 
( l -gVM.)fl- g 3£) = \ cl )\_ el J 

\ C J \ C J 1 _ uu 

8 c 2 

U-gVJL Vj -gH- ) = A c l J\ c l J 

V C J V C J 1 „ ww 



V V 

A 



\>i5uiGuiiqhu hhinUjiu^ hphp puiGuidUhpp. 

0-^)(i-^)(i-^)(i-^)^0-. 
0-^)0-^)0-^)0-^) -C 1 -*^) 

UuiiiuijuilpuG w inhquilpuG uipuiqiupjuiG hiuiiuip uihqp niGp hhinLjuiL uinGyupjiuGp. 

1 + ±s$- 

1 + ^.v-^ = 2 —&- 



l + sf 



M^tqhu QuiU hhinUjuq iSGuijiuG uinGyupjniGp. 

^)(i + i'!) = rW(i + i4) = %p) 

\>uili htunujuq uinGyupjniGp. 

/(&)(*£ + y*) + r(™)(gf + t*) = Mr 00 + r(k)] = sA(w v ) 

Shqp niGtiG QuiU htunhjuiL uinQjnipjniQQhpp. 



fliqpq 2iup<JiSuiQ huiiiuip 



4,uiquiqpp 2uipdiiuiQ huiiSuip 



1 +s- 



1 + -S-s-^ 

2 C 



A(w P )+f^ 

AK)-fv^ 

= A(w f ) 

» , ■> 1 Wp 



6 C + 2 4 -» 

A / N 1 W P 

A(w P )- j-s-±- 



1 + 


«| 


= 


A(w P )-i 

A(w P )+| 


4 

H>P 


1 + 


1* 


w 
c 


A(w 


p) 




— > 








A(wp) + 


i ., w p 

2 C 


w 


+ 


±* 


w c 
8®-F~ 


- J-.sA(w P ) 


A(w P ) 


i w p 

+ —5 — — 
2 C 



4,1-1 
<1-2ui 
41-2 P 
<1-2q 

<1-3iu 
41-3? 
<1-3q 

41-4 

<1-5ui 
<1-5 P 



<1-6 
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U|iuj^uh}i Q-njhpp <uipuiphpiuquiG CuipdiiuiQ ShumpjiuG 



^lujquiqiuQ huipuiphpiuquiGmpjiuQ huiuimq uihunipjiuG dUiuipn[unipjuiQ himpxiuiupnuiGtipp lihQp qiupnq hQp qptq GuiL 
quiiiuijuiquiG Y(<p,A) $pqpqiuquiG iSh&nipjiuQ huiiiuip, uipinuihuijinilui& uihrpuqiuG huipuiphpuiquiG uipujqnipjunSp. 



niqpq dliUnpnJunipjniQQhp 



4,uiquirpupd fiUunpnJumpjniQQtip 



9=7 



(V)[(l 



l+*+W+8l-A 



A = rOO(A-l/) 



41-7 



\>iSuiGuiiqhu <uijliuil}uiQ dUuiipnJunipjuiQ huiiluiuuipniiSGhpp iSUGp qiupnq hGp qptq quiiSuijuiquiG Y(<p,A) $pqpquiquiG 
i5hdnLpjuiG huiiiuip, uipinuihuijinU 1 ui& puiguipduiq huipuipapuiquiG uipuiqnipjuiiip. 



flinpn dUuiipnpanipjmQQhp 


^uiquinuipd dLuupnhiiupjiuGGap 




9 = 


A(v P ) + i.s'4L 


— > 
<p + g-J-A 




9 = 


A(v,)-i^ 


->' v p 1*' 


< 


A = 


A(v P )-i,% 


"1* v p -» 


A = 


A(v P ) + fs'4L 


A +!*■■$' 




<. 




L - 1 



<1-8 



«<uijquiquiG <uipuiphpuiquiGnLpjuiG UhpuiGpqui» hninlui&nuJ, lihGp ^uijquiquiG uihuuiGqjiuGpg munuiQuiuppnuS hGp nj 
tfpuijG uiquiui liuiuGpqp 2uipdnuip, uijl GuiL hauiuiqnuinuS hGp iSuiuGpqGhpp huiiSuihiiipp 2uipdiSuiG liapuiGpquiG: 
PGuiquiGuipuip uijn qnp&pGpuignuS iShGp oquiuiqnp&nuS hGp puiqnuS Gnp uipuiui&iluifr uinGyupjniGGapp, npnGp 
qGhpquijuigGtiGp uinnpU uiniuQg uiupugnigiSuiQ U qqphGp qpuiQp uinuiGg ijhquinpp G2UiGp: 



«<uijquiquiG <uipuiphpuiquiQnLpjuiG UhpuiQpqui»-niii quipunp qhpuiquiinuipnipjniQ niQhQ hhinujuq 
uipiniuhuijinnipjniQQhpp. 



1 + ±sl 



ST + t* 



1 + 2 4 c 



Sf 



1 + -J-J- 



ST 



<1-9 



-ihinLjuq puiQiudUhpp qtipuinihuiS hQ <uijquiquiQ UhpuiGpquijnui tGhpqpuijp uuuhuuuGiiuiG ophQpp iSb$>. 
(gf + fv) 2 - .s-fe-^ + fv)(l + i*-*-) + g(l + f^) 2 = {g - |.S' 2 )(l + ,£ + g^~) 

[8(1 + f^)] 2 - S[g(l + £*£)](*-*■ + f v) + *fe£ + f v) 2 = gfe - |.s' 2 )(l + Sf + *-£) 



<1-10vu 
<1-10 P 



(1 + Y' ? t") U fe"F + i" J ) uipuiuihujjuinipjniQQhpp dUiuiJinpanipjujQ puiQiudUhpp. 

y(«)(i + |*f ) = [r(v)(i + |^)][ r (w)(i + |5-^)] + (« - i* 2 )r(v)r(w)-^ 
i*r(«)tef + t s ) = [r(v)fe£ + i*)][r(w)fe-£ + i*)] " (s-T j2 )r(v)rw(s}+?^) 



<1-11 



(1 + y s c^ ^ (s~r~ + ~r s ) uipuiuihujjuinipjniQQhpp dUimpnpanipjuiQ puiQiudUhpp. 

r(w)0 + ±sf) = [r(v)(i + |j^-)][r(«)(i + y^f )] - C»- i* 2 )r(v)r(«)^- 
i*r(w)tef- + i*) = [r(v)fe^ + l*)][r(«)tef + y*)]-«te- I^M^M") 



<1-12 
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4uijqiuquiQ -iuipiuphpuiqiuQnipjuiG 4uiinmAj ShuiupjiuQ 



(1 + Y.5-7-) li (g^fr + \s) mpinuihuijuinipjniQQhpp dUuiipn[unipjni(iQhpp iSblj uiji^piuQuidli. 

f /(«)(i + |. vf ) = r(v){[r(w)(i + |j-f )] + ^[r(w)fef + fs)]} 

1 y(«)tef + i*) = r(v){(i + s })[ 7 (w)fef + |j)] - gf[r(w)(i + !*-*-)]} 



41-13 



(1 + 4-s-TT-) li fe c + 2 5 ) uiptnuihuijinnipjniQQhpp dUuiipntunipjniQQhpp Uhli uiji_puiQuidU. 

f /(w)(1 + J_,_^) = y(v){(l + j£)[y(«)(l + |.s'f)] - |-[y(«)Q?f- + |j)]> 
1 y(vf)fef- + i*) = y(v){[y(«)tef + fs)] + gfMuKi + |*f )]} 



41-14 



*-Lhpnhp2JuiL ujpiniuhuijinnipjnLQQhpti pjuinQ piuQuidUhp. 






4.1-15 



flpinhq g ffi qnp&iuqpgp niQ{i htunUjuq uipdhpp. 



±,2 

4 ' 



4,1-16 



^uii|h^i|ui& 2 - Q-uiGduiuuiji 3)]iqJil[nuQh]i]i ^uiiSuiji 



LThp huignpq «4wjl]wl]wG ^mpwpbpwl]iuGmpjuiG UbpwGpljiu - UJiwjuji/i CwpdmiS» hnrppufriuii uinuigtq hQp piuqntii Qnp 
qiupiiuiGiuhpui2 piuQiudUhp, npnQp GhpquijuigQnuS hQp ujju huiUJjppjJ&niiS uinuiGg lupuiui&iSuiQ: UpiujQ hp2hgGhQp iShp 
pQphpgnqQhpJiQ, np Ghpqiujuig^nq puiGiudUhpp LnphQgjiuQ huipuiphpiuquiQnLpjuiG uihumpjuiQ hiuiSiupdhpGtipp (hph uijq 
hiuiSiupdhpGhpp phuipqh qnjmpjiuG luGhG) rpup quipnq hp uinuiGuq iShp puiGiudLhppg, qpuiGg lihj s U g qnpfriu qpg Ghpp 
himSiup pGrpuGtqnq' hhuiUjuq lupdhpQhpp. 

'.5 = 

* = -! 



42-1 



1. Shijuil/LuG mpuiqiugniil 

kiuiiuijiulpuQ 2iupdd l nq qnipdGujquiG liuiuQpqJi uihrpuquiG lupiuquignuSGhpp K L K' tiGhpgpiiq hiuiSiuquipqtipiuiS iSUGp 
(1.8 - 3)-Ji L (1.8 - 4)-p iShj hiuiSuiupuuiuiupiiuGuipiup uiuhiiuiGtq tpGp hhinUjiu^ qhpiq. 



K mqpq U hujquiqlip pGhpgpuq huiiiuiquipqnui 
Hiqpq uipiuqiugnuS - i 

4uiquiqjip uipuiquignui - c 



K' mqjiq U hiuquiqpp {lQhpgtiuq himSiuquipqmiS 



dw _ d 2 ~x 






dt d~t 2 
dw d 2 x 


<=> 


< 


dt dt 







fliqpTi uipuiquignui 
4uiquiqpp uipiuquigrmS 



b = 



d 2 ~x 



du 

dt dt 

du _ d 2 x 



dt 



Oquiuiqnpdhpiq' uihrpuquiG uipiuqiugiiuiQ q'bpnh^juq uuiMuiQnuSp iShGp QhpquijuigGnuS hGp dhq npn2 piuQiudUhp: 



42-2 
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Upuj^uiip Injhpp ^uipuiphpiuquiG CuipchiuiG ShumpjniQ 



♦ UJibGmjG pGbpgpwi hwGwhwpqbpmd ipnpdGwbwG dwuGfibp mqpq b hwbwqpp inbqwbwG 
wpwqwgmdGbpp dppb bqwd wnGjmpjmGGbpp (wnuippG pwGwdh) 



K nu]pi\ U hiuquiqpp pGhpgpuiL hiuiSiuquipqtipp iSpjU 



K' niripr^ U hiuquiqpp pGhpgpuiL hiuiSiuquipqtipp iSpjU 



1 



(i + 4) 

i 
(i + 4) 3 



1 +s 



c J 



1 +s 






<2-3 



♦ UpLGmjG pGhpgpwi hwdwbwpqbpmd ipnpdGwbwG dwuGpbp mqpq L hwbwqpp mbqwbwG 
wpwqwgmdGbpp dppb bqwd wnGjmpjmGGbpp (bpbpnpq pwGwdb) 



K nu]pi\ U hiuquiqpp pGhpgpuiL hiuiSiulpjjpqhpp iSpjU 



y 3 (wj'a = -y 3 (w~)~a 



K' nii]pr[ U hiuquiqpp pGhpgpuiL hunSiuquipqhpp iSpjL 
7 3 («"")£> = -y 3 (~ujb 



<2-4 



♦ fcpwp Ghwwdwdp hwpwpbpwbwG 2wpddwG dbp qmGiJnq bpbm mwppbp pGbpgpwi hwdwbwpqbpmd 
ipnpdGwbwG dwuGpbp mbqwbwG wpwqwgmdGbpp dppL bqwd wnGjmpjmGGbpp 



UiuuGpqp nu]pri 2 UJ I 1 <J l i UJ Q huiiluip 



1 



UiuuGpqp hiuquiqpp 2iupdiSiuQ huiiiuip 



1 



a = 

< 

<— 
b = 


1 


h 


r 3 (v)(i- 


1 A 



r 3 (v)(i + 4 + ^) 



<2-5 



♦ fcpwp Ghwwdwdp hwpwphpiubwG 2iupdiSwG dbp qmGiJnq bpbm mwppbp pGbpgpwi hwdwbwpqbpmd 
ipnpdGwbwG dwuGpbp wbqwbwG wpwqwgmdGbpp dpph bqwd iSGwjmG wnGjmpjmGGbpp 



Hiripq pGhpgpuiL huiiiuilpupqhpp lipjU 
y 3 (w~)~a = y 3 (~ujb 



^uilpuqpp pQhpgpun huiiiuilpupqhpp lihjh 



y 3 (wj'a = y 3 Cujb 



<2-6 



UuihiliuQnuI 1-7 - Cwpddnq ipnpdGwbwG dwuGpbp hwdwp qnjnipjniG mGbG dp 2wpp jnipwhwinmb .ppqpbwbwG 
dbdmpjmGGbp' wpwqwgmd L md, npnGg pwgwpdwh dbdmpjmGGbpp iSGmiS bG hwuwwmniG pnpip niqjiq bhwbwqpp 
pGbpgpwi hwdwbwpqbpmd: "biSwGwwbu qnjmpjmG mGp dp jmpwhwwmh qwGqdwd, npp GmjGwbu dGmd t hwuwwwniG 
pnpip mqpq L hwbwqpp pGbpgpwi hwiSwhwpqhpniiS: Uju prfwphwd fipqpbwl/wG dbdmpjmGGbpp iwdwqmjGu bG 
pGmpwqpmd hwiiwjwhwG ipnpdGwbwG dwuGpbp 2wpdniiSp nidwjpG qw2inmd: ■ibinbwpwp pnpip wjq bwpbnp $>pqpbwhwG 
GbdnipjmGGbpp dbGp wGGwGmd bGp <twjbwbwG dbdmpjmGGbp b wwppbpwbmd bGp qpwGp uuinppG «-4» gmgpjmj: Uhw 
wjq ^wjbwbwG .ppqpbwbwG GbdnipjmGGbpp uwhdwGmdp: 



♦ 4wjbwbwG wpwqwgdwG uwhdwGmdp mqpq L hwbwqpp pGbpgpwi hwdwbwpqbpp hwGwp 



a^ = y 3 (wj'a = y 3 (~u)b 
a^ = -y 3 (wj'a = -y 3 (ji^)b 



<2-7 



♦ <twjbwbwG wpwqwgmdp pwdwpwpmG t hbinbjw[ wwjrfwGGbppG 




<2-8 
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4uijlpuquiQ <uipiuphpuil}iuQnipjuiQ 4uiinmlj ShumpjmQ 



♦ 4wjljiubwG qiuGqi/iudp uwhiSwGmiSp 



m t = -(g- jS 2 )mo 



♦ 4wjl]iubwG mdp uuihGiuGniGp mqpq U hiubwqpp pGbpgpwi hwiSwbwpqbpp hwGwp 




42-9 



42-10 



2. Pwgwpdiuli uipiuqwgmii 

kuiiiuijiuqum 2iup<h[nq qmipdQuilpiiQ liuiuQpljp puiguipfiuilj lupujqiugnuiQhpp K U K' mqpq U huiquiqpp pQhpgpuq 
himSiuquipqhpmiS (1.10- 9)-p U (1. 10 - 10)-p iSh$> iShQp huiiiuiupuiniuu]muQuipuip uuimiiuQtq tpGp hhuiUjuq Ip^piq. 

K mqjiq U huilpuqpp pGhpgpuq muiiuilpiipqnui K 1 mqpq U huiqujqpp pGhpgpuq himSuiqujpqmu' 



fliqpq uipuiquignuS 
4uiquiqpp uqiuiquignui 



dw-f 


_ d 2 x> 




dz 


dz 1 


«• < 


dw f 


d 2 X 




dz 


dz 2 





fliqpq ujpuiquigmii 
4uiquiqlip uipuiqiugnuS 



bo = 



(TUn 



d 2 ~> 



dz 


dz 2 


ctu u 
dz 


d 2 x' 
dz 2 



4,2-1 1 



Oquiuiqnp&hmq' puigiupduiq uipuiquigiSuiG qMjpnhp2Juq uuihiiuiGnuip lihGp GkpquijuigQnui tmp dhq npn2 puiGuidUhp: 
♦ Piugiupdwl] wpwqwgrfwG piuqiuqppjGbpp mqpq pGbpgfiwi hiuiSiubwpqbpmiS (wmiippG pwGm&h) 
K mqpq JiGhpgpuq huiiSuiquipqnuS K mqpq pGhpgpuq tumSuiquipqmu' 



< 



->o dw f 4 ,_>n 



(*f + i*)<? 



dwp 
~dz~ 



r 4 (-)( 



< 



l + i^la 



->o 


d~u ¥ 
dz 


fo P = 


du f 
dz 



r 4 (")( 1 + i4)» 



42-12 



♦ fiiugmpduil] wpuiqiugiSuiG puiquiqppjGbpp mqpq pGbpgpui[ hwiiwlpupqbpmii (bpbpnpq pwGmdb) 

— > — »' 

AT mqpq JiGhpgpuq himSuiquipqnuS K mqpq fiGhpgpuq huiiSuiquipqmu' 



'(w~)(g 



r(-)(i + l-4) 



= -j 3 (w\a = - , 
= y z (w\a = a i 



'00(*£ 



r(T?) i 



2 •* C 



-7 3 (T?)"fo 



y^Cu^b = 2?,, 
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Upuj^uiip Injhpp 4uipuiphpiulpjiG CuipchiuiG ShumpjniQ 

♦ fiwgwpdwb wpwqwgifwG pwqwqppjGbpp niqfiq fiGbpgfiwi hwiSwbwpqbpmiS (bpppnpq pwGwdb) 

K U K nu]pri pGhpgpuiL huiiiuilpupqhpnui 



«, 



° C 2 

->0 



1+1*1 



1 + f5f- 



= -r(v?)«< 

= -y(u)a < 



♦ fiwgwpdwb wpwqwgGwG pwqwqpfijGbpp hwbwqfip fiGbpgfiwi hwiSwbwpqhpmit (wnwpfiG pwGwdb) 
K hiuquiqpp pQhpgpun huiiSuiquipqnuS K huilpuijpp pQhpgpun hiuiiuilpupqniii 



< 






K 4 (w)(, 



g^ + isya 



< 



1 + ±s*- \a 



- _ dtu-f 



r 4 (")( 1 + i4)» 



♦ fiwgwpdwb wpwqwgGwG pwqwqpfijGbpp hiubiuqfip fiGbpgfiwi hwdwbwpqbpmG (hpbpnpq pwGwdb) 
K hiuquiqpp pGhpgpuiL himSuilpjjpqnuS K huilpxnjpp pGhpgpuiL huiiiuilpupqnui 

-y 3 (\vYa = -a < -; — i — = -y 3 Cu)b = -a z 



< 



/(*)(*¥ + h) 



r(-)(i + l4) 



< 



= f 3 nv)t? = fl; 



r<V>(V| + l*) 



r(»)(i + i4) 



Y i Qu')b = a < 



♦ fiwgwpdwb wpwqwgGwG pwqwqpfijGbpp hwbwqfip fiGbpgfiwi hwdwfiwpqbpmG (bpppnpq pwGwdb) 

K U K hiulpuqpp pGhpgpuiL hiuiSiulpjjpqhpnuS 

-y(w s )a < 

y P Pp A-\<- 

— j^-E = E-_- = - 7 f 1 ,Jfl < 



^ + i, l + |. s ^ 
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♦ hwbwqfip pwgwpdwb wpwqwgiSwG pwqwqpfijGbpfi bwwp niqfiq pwgwpdwlj wpwqwgGwG 
pwqwqpfi^Gbpfi hbm 



K pGhpgpuiL luuiiuilpiipqnui 



,_0 _>0 -» 

a„ — a„ + sa t 



CI n — CI n 



K' pGhpgpun huiiiuilpiipqnuJ 



+ sb n 
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4,uijlpuquiQ -iuipiuphpuilpuQnipjuiQ 4imnmAj ShuiupjniQ 



♦ 4huiuipppp.p pmGiudb 
K luripri U huiquiqpp pQhpgpuJL hiuiSiulpupqtipnuS K 1 rnqpri U huilpuijpp pQhpgpun huiiiuilpupqhpnui 



a v = \(w e )a i 
a P = \(w e )a i 



fop = \(u e )a i 
bp = A(u e )a i 
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♦ Paigiupduib wpwqwgGwG piJiuj/iG pujqiuqppjGbpfi b inwpw&wbwG pujqujqpfijGbp/i bwwp 
K nu]pri U hiulpjjqpp pQhpgpuiL hiuiSiuquipqtipniiS K 1 niripri U hiulpuiipp pQhpgpun huiiiuilpupqhpnui 



A(vfp) 



« < 



_«»_ (g-in 



1 „2l "T _ 1 



.sA(wp) . 



A(vfp) 



' p A(« P ) 



p " A(« P ) 
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♦ Puigiupdwh wpuiqiugduiG pi/wjfiG b wwpwdwhwG piuqiuqppjGbpfi niqjiq dbwGinpjnipjwG 
hwGwuwpniiSGhpp K 1 L K niqfiq U hwbwq[ip JiGbpgJiwi hwiSwbwpqbpp iSJiph 



flu]pri pQhpgpuiL huiiiiulpupqhpp lipjU 



A(V P )+|5^ 



<uil}iuiipp pQhpgpun hiuiSiuquipqtipp iSpjU 



A(v P )+|5^E 



A(V P )-|5^ 



tp c Up 



A(Vp)-|5^ 



ip c «p 
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♦ Puigiupdwh wpwqwgGwG piJwjpG b wwpiu&wbwG pwqwqpfijGbpp hwhwqwpd dhwipnJumpjwG 
hwGwuwpmiSGbpp K' b K mqpq b hwhwqpp JiGbpgJiwi hwiSwbwpqbpp ujipb 



flu]pri pGhpgpuiL huiiiuilpupqhpp lipjU 



4uil}uiqpp pQhpgpun hiuiSiulpupqhpp iSpjU 



A(v P )-l^ 
A(v P )+i^ 



S-F- 



'p t £ (y p 



A(vp)-f^ 
A(v P ) + |^ 



■«-?r 



/p T c U p 
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♦ fiwgwpdwq wpwqwgGwG pwqwqpfijGbpp pwiJwpwpmiS bG hbmbjwi wnGjmpjniGGbpfiG 
(aiy + .vflp'ap + g(a ¥ ) 2 = {g- j-s 2 )y 6 (w)a 2 = (fc p J + ,sfc p fc p + g(fc p ) = (g - j-s 2 )y 6 (u)~b = (g - \s 2 )a\ 

(S-") 2 + stffr v + g(a f ) 2 = or- -l. v 2) 7 «<V)S- 2 = p) 2 + .slptp + §(Vp) 2 = (g- ±-s 2 )r 6 Cu)tf = or- |, 2 )a 2 



42-23 



76-82 



Upuj^uiip Injhpp ^uipuiphpiuquiG CuipchiuiG ShumpjiuG 



3. Uqimn GimiGpqp qnpfrnqmpjiuG pGuihqpiuui L LiuqpiuGdpiuG $>mGUgpuiG 



<uijquilpnG huipuiphpiuquiGnLpjuiG huiuimli uihunipjniGpg iupuiui&ilui& P n L n P l}UipUnp iShfriupjiuQGhpp luQhG uuinppQ «<» 
gntgp^, npujhuqp iShGp imupphpuilihQp qpiuQp imluiQipuquiQ hiuiSiuupiiuiuiupmiG iJh&nipjniQQhppg: 



♦ K h K mqpq hGbpgpwi hwiiwbwpqbpmii qnpdnqmpjwG pGwhqpwip h LiuqpmGdpwGp 

K nu]pri pGhpgpuiL huiiiuilpiipqnul K nu]pq pQUpgpun huiiiuilpupqnui 



b^-m n c 2 I U+s^ + g^dt 



&< = -m„c 2 } p+s-^ + gJ^-dt 



:W , „ W 



£^- ma c 2 jl+s^r+g- c2 



X i = - mo c 2 1+S-Jr+g 



u . „ u 
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♦ K h K hwl]wi}[ip pGhpgpwi hwdwlpupqbpmd qnpdnqmpjmG pGwhqpwip U LwqpiuGdpiuGp 

K hiuquiqpp pGhpgpuiL hiuiSiuquipqnuS K huiljuiiipp pQhpgpun huiiiuilpupqnui 



b^-moc 2 \ Jl+sf+g^dt 



&< =-m c 2 I h+s-^r + g-^dt 



£ i = -m Q c 2 J\+s^-+g 



. w , „ w 
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♦ Q-npdnqmpjwG pGmbqpwip GbdmpjmGp pnpip mqpq L hwl]iuqpp pGGpgpiui hwdwl]iupqbpniG 
u/iuJiu/ujGijmG t 



42-26 



♦ UpLGnijG pGbpgpw[ hmGmlpupqbpniG mqpq h hwljwqpp LiuqpiuGdpiuG $>niGl]gpiuGhpp l/iuu/p 
K niripq U huilpuijpp pQhpgpun huiiiuilpupqhpiuii K 1 nu]pq U hiulpuqpp pQhpgpuiL hiuiSiuquipqtipniiS 



£ t (w) = 



£ i (w) = 



X 4 (w) 



1 +s- 



£ i(™) 



l + sf 



£ i Cuj = 



£ i (uj = 



£^ (u ) 



1 +s- 



X^Cuj 



1 +s- 
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4,uijl}iuliuiQ 4uipiuphpuilpuQnipjuiG 4uiinmAj ShuiupjniQ 



♦ LwqpwGdfiwG f>mGbgpwGbpji mqfiq b hwbwqwpd 4wjbwbwG dbwGmpjmpjwG pwGwdbbpp K' b K 
mqpq b hwbwqpp pGhpgpwi hwdwbwpqbpp dfapb 



fluipri dhuiipnpmipjniQlItip 



£ i Cuj = 



£ i (uJ = 



c c i 



l+sf+g 



V w 



x <0*0 



l+s± +i 



l + .vl + g^ 



- £ <(p) 



4uitpuquip<i dUuiipnpinipjniQQhp 



£ i (wj = -y-y X^Cuj 



l-g- 



X<(w) = 



1 + S-*r + ; 



l-g- 



-£^(uj 
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4. Uquiin diuuGpup tGhpqpuijp Lpiuipp ^lujUluuluG pwGuidlihpp 



♦ K mqpq b hwbwqpp pGhpgpwi hwdwbwpqbpmd tGbpqpwjp b pwipp ■fiujUwljiuG pwGwdbbpp 
K niripri pGhpgpuiL himSuilpupqnuS K huilpurjpp pQhpgpuj^ huiiSuilpupqnuS 



-mac 1 = A(w e )moc' 



Pi = 



^+g- 



g^ + i* 



-moC = A(w P )moc 



i + ^ + sfr 



-ra»c 



Pi = 



l+S^r + 



st- 



w 

c 1 



L c l 



-mac 
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♦ flqfiq b hwumqpp tGbpqpwjp b pwipp -iwjbwbwG wnG^mpjmGGbpp 

«— — > 

E < = E < = E < 

P< =-(Pi+ s T E <) 
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♦ Slqfiq b hwbwqpp pwipp qnidwpp b wwppbpmpjwG <twjbwbwG wnG^mpjmGGbpp 

P i +p i = -sy(wj M + \s^\m a c = s-^E i 
~P i -P~ i = "2(8 " i-s 2 )r(w)^-m c = 2m_.vv P 



42-31 



♦ UG2wpd ifmpdGwbwG dwuG/ibp <ZwjbwbwG GbpppG tGbpqpwjp b <twjbwl/wG GbpppG pwipp pwGwdbbpp 
(w = 0) 



£o = mac 1 
PiO = Pio = P< 



-smac 
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♦ Id-wpGiJwd bwdfuwi/wp tGbpqpwjp <twjbwbwG pwGwdbp 



E ^ 2W = ^ 2muc2 " ^ 2£ » 
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Upuj^uiip Injhpp ^uipuiphpiuquiG CuipchiuiG ShumpjniQ 



♦ tGbpqpwjp b pwipp mqpq b hmbwqwpd ^mjbwuwG dbwipnpjmpjiuG hwilwuwpniiSGbpp K b K mqpq 
pGbpgpwi hiuiSwliwpqbpp iSpgb 



Hiqpq dUunpnJunipjniQQhp 



^uilpurpupd dliUnpnJunipjniQQhp 



Z-T )-S J c-P< 



g— = r(v) 



s~r = y(y) 



'0*4) 



s-r J + ^-f^'< 



? < = r 00 



p<--c-U— 



♦ Cmpddnq ipnpdGwqwG ilwuGpqp ippi[ tGbpqpwjp -iuijlpuljuiG piuGiudL[i 



E, V 



(*¥f +s^y i+g ^ i y = fg^pj + s^y' i+ g(p-' i y=g(g-is*)( m ocf 



♦ LppG tGhpqliwjp 4wjl]iuliwG pwGwdhp 

E\ - g{g - is 2 )(m c 2 f = g(g-±s 2 )El 



<2-34 



<2-35 



42-36 



5 . <Zuijl/uj[/ui(J m d 

♦ 4uijuwbuiG mdp imiipui&uilpuG pwipuijppjGbpp uwhrfwGmrfp mijpij b hwbuiqpp pGbpgpwi hLudwbuipqbpmd 

— »' — » <— ' «— 

K \x K mqpq pQhpgpun huiiiuilpiipqtipnLii £ U K huilpuijpp pGhpgpuiL hiuiSiulpjjpqhpnuS 



/< = 



c/7 



/« = 






♦ AmjhmbuiG mdfi pi/uijfiG piuijiuqpfijfibpp umhiimGmiig mqpq b hwbwqpp pGbpgfimi hmiimbmpqbpmiS 



K U K mqpq pGhpgpuiL huiiiuilpupqhpnLii 



+'o , / E. 

dt 



dt V 



K Xl K hiulpuiipp pQhpgpun himSiulpjipqhpnuS 



_'o , f E. 






<2-37 
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4,uijquiquiQ <mpuiphpuiquiQnipjuiG ^uiimuq ShuiupjiuQ 



♦ -iuijlpubuib mdp wwpw&wlpub pwqwqpfcGhpp pwGmdbbpp mqpq b hwlpuqpp pdbpgpui[ hwdwbmpqbpmd 
K U K mqpq pQhpgpuq muuuiquipqhpmu K U K huiquiqfip pQhpgpuq huuSuiqumqhpmu' 



ft, = ~(S- i.5 2 )m„7 3 (l?)& 
ft, = ~(S- js 2 )m„y 3 (w)a 



ft = ~(g- TS 2 )m y 3 (u)b 
ft = ~(S~ js 2 )m y 3 (w)a 
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♦ -iuijlpubuib mdp pdmjpd pmqmqpp^Gbpp piubwdbhpp mqpq U hwbmqpp pdbpgpmi hiudwbwpqhpmd 

— »' — » «— ' <— 

K \x K mqpq pQhpgpuq huiuuiquipqhpmu AT L AT huiquiqpp pQhpgpuq muuuiquipqhpmu 



ft, = -8(8- \s 2 )m ^f(u)b = *-«-/< 

7" = -*C»- T* 2 )«of-r 3 0O2 = *l-7< 



-'() 



ft = -g(g-±s 2 )m Q ^y 3 Qi)b = g-*-f < 
7° - -8(8- is*)mof r 3 ($)t = gf- 7< 
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♦ 4wjpwbwd hwpiupbpwpwdmpjwG hiuwnip inbumpjwG dbp upuhupuddmd ' t "bjnimnGp dbpwGppiujp 
bpppnpq opbGpp, bpb dbGp hjmmndp qwuwbwG mdp ipnpjwpbG oqinwqnpdbdp <Zwjl]wbiiiG mdp, qwuwpiud 
qwGqdwdp ipnpiiuphb oquiwqnp&bGp ■(wjbwliiuG qujGqdiudp b dbppwiqbu uibqwl]iuG wpwqwgdwd ipnpjwpbG 
dbGp oqmuiqnp&bGp ^wjlpubwG wpwqiugmdp: 



K U K mqpq pQhpgpuq huiuuilpupqhpmu 



f i = -(g- ±-s 2 )m a i = m i a < 
ft = ~(g- j-s 2 )m a i = m i a i 



K U K huilpuqfip pQhpgpuq huuSuilpupqhpmu' 



f < = -{g- ±-s 2 )m a < = m i a i 
ft, = ~(g- |i' 2 )moa < = m i a i 
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♦ 4wjljiubwG hwpwpbpwljwGmpjwG hwinnil] inbumpjwG dbp upuhupuGdmd bG Gwb IsjmuinGp dbpwGpbwjp 
wmugpG b bppnpq opbGpGbpp: ^uJjbwpwG mdp dbdmpjmGp pnpip mqpq pGbpgpwi hwdwljiupqbpnid Ijiud 
pmnp hwpmqpp pGbpgpiui hwdwl]wpqbpmd upuhupuGdmd t, pub mqpq b hmljuiqpp pGbpgpui[ hwdwl]iupqbpp 
dppb 4iujbwl]iub mdp ipnpumd t dpwjG G/wGp: 



IjjmuinQp uhpuiQpb,uijp uinuigpQ ophQpp 



XijnunnGp uhpuiQplpujp hppnpq ophQpp 
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6. fiuiguipdmlj nid 



♦ Pwgwpdwlj mdp mwpw&wljwd pwqwqpfcGhpp uwhdwdmdp mqpq b hiubwqpp pGbpgpwi 
hiudiulpupqbpmd 



K U K mqpq pQhpgpuq huiuuilpupqhpmu 



K U K hiuqiuqpp pQhpgpuq huuSuilpupqhpmu' 



/.= 



/.= 



d~Pt 
dx 

d~Pt 
dx 





<-' dpt 

J f dx 


< 






<7 ^t 

. J p dx 
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Upuj^uiip Injhpp ^uipuiphpiuquiG CuipchiuiG ShumpjniQ 



♦ fiiugiupdmb mdp pdmjpG pmqmqpp^Gbpp uuihdwGmdp 



<2-44 



♦ UJibGmjG pGhpgpwi hwdwbwpqhpmd wqrpiq b hwl]iuqipiq pwgiupdwb mdp pdwjpG b mwpw&wbiuG 
piuqwqpp^Gbpp dppb mbqp niGGG hbuihjmi wnG^mpjniGGhpp 



K pQhpgpuiL huiiiuiljuipqnui 



f = f 



J x* Ipi'P 



K' pGhpgpuiL huiiiuilpupqnui 



<_o' ->o' 



J ? g J P j 
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♦ fiwgwpdwb mdp pdwjpG piuqiuqppjGbpp pwGwdbhpp K b K' mqpq L hmbmqpp pGbpgpw[ 
hwdwbwpqhpmd ' b bwwp 4wjhwl]wG mdp hbm 



K mripri U huilpjjqpp pQhpgpu^ hiuiSiuquipqtipniiS 



/, = SiS- \s" 1 )m -§-a < = g-§-f < 



/, = -g(g-\s 2 )m a ^-a i = g-^fi 



K' mqpq U huilpuijpp pGhpgpuiL huiiiuilpupqhpnLii 



c »< - 6 C J < 



c "4 - 5 c J < 
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♦ Pwgwpdwb mdp mwpw&wbwG pwqwqppjGbpp pwGwdbhpp K b K 1 mqpq b hwqwqpp pGbpgpw[ 
hwdwbwpqhpmd ' b bwwp <twjhwl/wG mdp hbm 



K mqpq U huiliuiqpp pQhpgpun huiiiuilpupqhpnui 

/, = -(£- T' s ' 2 ) m o/(w)a < = /(»)/< 



K' niripq U hiuquiqpp pGhpgpuiL hunSiuquipqUprmS 

-»' -» 

/ P = -fe- \s 1 )nn ) y(u)a < = y(u)f i 

«-' <- 

/ P = -(#- ^-i 2 )mor(«)«< = r(")/< 
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♦ fiwgwpdwh mdp pdwjpG pwqwqpp^Gbpp wpwwhwjwdw& pwgwpdwh mdp mwpw&wbwG 
pwqwqpp^Gbpnd 



K nu]pri U hiuquiqpp pGhpgpuiL hiuiSiulpjjpqtipniiS 



f = »W-f = gJZl. f 
J P & c J p 6 c J A 



J P g c J P g c J i 



K' mqpq U hiulpxiqpp pGhpgpuq humiulpxipqtipnui 



f = e—f = s—^f 



/ p g c J p g c J i 
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♦ Lppd pwgwpdwl] mdp pwGwdbp K mqpq b hwljwqpp pGbpgpwi hwdwljwpqbpmd 



(/pJ +^/p/ P +</p) =*( 1+, c + *^-j(/p) =^< 



<2-49 



81 -82 



4,iujlpxiqiuQ -iiupiuphpiulpuQnipjuiG ^uiinnilj ShunipjmQ 



♦ Lpjiil pwgwpdmli mdfi pwGmdhp K' niqfiq L hwlpuqpp pGhpgpui[ hwrfwlpupqhpmrf 



->0'\ 2 -><><->< f- 



7 o y+sfX + g(7' p ) 2 = g [\ + sf +g ^)rf p ) -,ti 



<2-50 



♦ Uqqnq pwgwpdwu mdp pujqujqpfijGbp/i mqpq b hiubwqwpd dbwGmpjmpjwG hwi[iuuiupmGGbpp 

Hiqjiq dhiuihnpjnipjmG K' <=> K ^uiqiuquipd dUuiipnJunipjmQ 



/,= 



A(v P )+|^ 



A(v,) --*-*-? 



f +g—f 

J p 5 c ^ p 



Jp C ^ P 



/p - 



A(vp)-f^ 



A(v P )+i5^ 



jp 5 c J p 



j j, c j P 
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♦ -iwhuiqqnq pmgmpdwb mdp pwqiuqpfyGhpfi niqfiq b hwbiuqwpd dbimpnpjnipjwG hmduiuuipmiiGbpii 



Hiqp.q dhiuihnpjnipjniG 



K' & K 



^uilpuqiupd dUuiipnpjnLpjniQ 



A(Vp) + i5^ 



A(vp)-1^ 



/ P +g^ L /p 



_ JUL/- 

J p C J p 



/p 



A(v P ) --§-,-£■ 



A(vp)+!^E 



J p 6 C J p 



f +^f 

J p c J p 
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■<iupqiudiuG pQphpgnq, uijuiqhu lihGp Ipupnq hQp luQiphpg 2 UJ P IU G UJ 4kL lipuijuiip uiuipiu&nipjuiG hiuiSiup iShp uipiniufriufr 
prqnpni[fiG Qnp piuGiudLhpp. h hiui[iuuiupnuiGhpp. 2phppp: U"hGp Ipxipnq hQp qptq <iujlpuquiG £ili u G lnul JpG UTjpiuQpl}iujp 
hiuqMiiuiupnuiQhpp IpuiS iShQp Ipxipnq hQp qptq qiuuiiupli uiiupui&nipjiuG tGhpqhinhli puypJiliufrnipjiuQ 4,iujlpiiqujG 
hiui[iuuiupnui(ihpp U qMjpjiuiqhu lihGp quipnq hQp qptq QjmpuilpuQ qui2inp- ^uijlpiiqiuQ hiuihxiuiupnuip, npp U huiQqpuiuQnLii t 
liJiiuuGiulpuG qui2in[i hiuqMuuiupnuip: 

luGqpmii hii oquiiuqnp&hp dhp hphiulpjjjmpjniGp, npiqhuqp. iqiuuilphpiugGhp ph p.G^iqlnqY'G IpJiGhG 4npnhp2juq 
hiuq'iuuiupniiiQhpp hniujuuh uiiupiu&nipjiuG hiuiSiup i]hll lnn P lu 'l UJ Q inhupni[: 



khggh' Upnpn.pGhpp ■imjphGpj) <iujiuuiniuQp 
kttggh' ■iuijmuuiuiG 
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